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General, synthetic methods tor the preparation of compounds described herein include; 
Section 1. 

General synthetic methods ifor the preparation of compounds described above: 
■Scheme 1. 
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CG 2 Et 



NaOH 3Q EtOH 



CO2H 




Jackson, R. W,; Manske, R. H. Can. J. Research 1935, 13, 170-174, Weaken, E; 
Alonso, M. E.; Gottlieb, II. E.; Sanehex, E. L.; PeHrmari, R.; Gogolli P. X Org. Chem. 
1977, 42, 3945-3949, 



Scheme 2 
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1) nBuLi 3 ZnCi 2 

— 

2}BfOH 2 C0 2 Et 



* 3 

DiO&rcL R. IX; Bach, R j;; Dmlielin, S. E4 Berry, D. R.- Carlson, D, G ; CMrgadm N, 
Y.; Clawson, D, K,; Hartiey r L. W,; Johnson, L M.: Jones, R D,; McKamisy. £. R,; 
Mifaeilch, E D,; {>lkowskI J L; Sehevte, rVw<; Smith, A, C; Snyder, D. W.; 
Sommers, €. !>.; Wery, J, P. J", .Otero, 1996, SP, 51 19-5136, 



Scheme 3. 
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2) MeOH 




1} NaBHt * MeOH 
vi 

2) B 3 SiH, IRA 



Colloi, V.; Sehmitt, M.; Marvvah, P.; Bt>wg«igriGn f j. J. ftet&racyctes 199% SL 2823- 
2847. 



Scheme 4. 




(EtO) 2 POCHjCO s ES 



CO:. El 



Badras, M. S. Jha, M \ J\ Org. Chent 2005,. 7fi ? 1828-1.834 



Scheme 5. 
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M&boo&r S,; EiMer, E/ y Keller, M; Kimiar, SL; Popp, A, </: Org. -Oram, 1999, ^,4697- 
4704. 
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Appbtou, X D.aek, $C N.; Green, Steele, J. 7'elmkedron Lett. 199X 34, 1529- 

10 1532. 

Scheme'?. 
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15 Appleton, J. E.; Back, K. N;; Creep, A.D.; Steele, J. T&tmkednw Lett. 1993, 1 529- 
1532, 
Scheme 8. 
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Demtiyinek, M.; DeCJercq, P.; Vandervvalte, M. J. Org. Chem. 1979, 44. 4863-4866. 
Grieco; P. A.; Nishizawa, M,; Oguri, T<; Burke, S. D.; Matinovie, N. J. Am. Chem. Sgc, 
1977, 99. 5773-5780, " 
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10 The preparation of this compound can be achieved as folio ws. 
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MHNH 2 . HCf 



R.OiC^-^GH, ^^^^^^ 



...> — COjH 




H 



4 

Base / solver^ 



X 



15 CHkR . sJEL 



3-Plaor<M^ - H> R 2 - 'CH$, R3 - F) (95 g, 0.67 tool) was added to 

eonemtratcd hydrochloric acid (2 50 mL), the suspension was stirred at ambient 
temperature for 18 hours, then it was cooled to (PC and a solution of sodium nitrite (53.7 

20 g ? 0 7B n>o!) in water (200 m"L) was added drop wise at 0-5 *C, When the addition was 
complete the resulting solution was stirred at Q ° : € tbr 1 how then it was added drop wise 
m 0-5 °C to i\ stirred solution of tin (if) chloride difiydrate (638, 9 g, 2, S3 mo!) to 
eoneeiitraled hydroeh.lori.c- acid (500 mL). The niixtnre was allowed to warm to ambient 
temperature then it was stored at 4 S C for 18 hours. The reuniting precipitate was 

28 collected by filtration, washed with water (400 mt)> and ether (1000 ml,) and dried m 
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vacm>* "the solid hyxiroeMoiide salt was basified by addition to 1 0% aqueous sodium 
liydroxide solution (800 tnL), the free base was extracted Into ether (2 X 400 niL), and 

the combined extracts were dried (MgSC^) and the sol vent removed in vacuo- to give (3- 
Jin0it}~4~mefe^ (2, R* - H ? .R3 CH3, R3 - F) (51.9 g, 50%) as a 

5 yellow solid, mp 45-50 °C; l HMMR (CDGi 3 /250 MHz): LS (s 5 |H, M&NH 2 ), 3 .85 fe 

3H ? OCiftf>), 5J}(s> 2H, NI^N%> 3 6,44 (m. III, phenyl 6-/:/), 6.60 (dd II L phenyl 5^/), 

6J9 (IJIL phenyl 241). 

Step ; 2 A. Pre paration of (6-fluoro-5-rnethoxy- 2 -rneth y I - ///-mdo j -3~ yl lacetic acid 

3-yl)acetic acid (4, Ri - F, R^; Oh, fc !!llLfejll f H), 

Levuliide acid (3, B - R4 - H) (38 ml s 354 mrnol) and 3^fi«oro^ 

phenylhydrazme hydrochloride (2 ? Ri - fiLRs it: Clfe R3 :::: F) (67.5 g, 350 mmol) were 

15 combined ami '.! 50 mL of glacial acetic acid added and the slurry was stirred at 80 °€ for 
4 hours. The reaction was cooled to room temperature and added to ice water (SOO niL). 
The resulting aqueous solution was extracted with diehloromelhane (31 500 mL) an d die 
org&nics dried (MgSO^) and concentrated to afford a thick semi-solid. Water (450-500 
mL) was added and the slurry was stirred vigorously overnight while manually breaking 

20 up large solid pieces with a spatula. The fine tan solid that recalled was isolated by 

filtration and dried to afford a mixture of indoles 56,3 gtmm, 67% yield, - 93% pure by 
HPLC (7/1 ratio of (6^ acid (4 S - It 

R 2 . - 0113, R 3 - F, R 4 - B - H) and C4-iIij0m^5-meft^ 

acid ^ F ? R s ~Cffe ? . R 3 . - B, R# «B - M) of hy NMR). Major isomer *R~NMR 
25 (CDCh/300 MHz) 2,27 ($, 3.82 (s, 211), 3.84 $H)* 6,92-6,97 (m, 211 ArH). 

iBdoK3-vl)acet ate fC Rj — B ::: R R> - CHu - F, Cl feCH^SitCH^^. 

30 The indoles, feom Step 2 A ($63 g ? 238 mrnol) were combined with 2- 

trirnethylsilyioihariol (41 mL, 1.25 eq v ) and 4-(<Hmethyla!iBno)pyridiBO. (DMAF) (4 g) hi 
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dkMorometh am (600 ml) and cooled to 0 °C, 1 ~[3H©*m<^h^ 

ethylcarbodinnide ■ hydr6cMande.-(EDG{) (50.2 g ? L I eq.} was added in portions and the 
reaction was stirred for 30 minutes at 0 °C and thai allowed to warm to room temperature 
mid stir overnight. The reaction mixture was ■ di luted with di Qhlorom:etlimi€ (600 mL) mid 
5 washed with water (2 X 200 ml), dried and concentrated to gi ve a thick orange syrup 
which after trit^^ induced solid formation, the .solid was recrystallked 

from he&an^etfey! acetate to aft>rd im needles of 24rimethylsii>i6thyi (64Iiioro~5- 

CHzCH^SiiClhhl 52 g, 65% yield, >98% pure; -H-NMR (C DCI3/ 3 00 MHz) QM (% 
10 9IR 0.98 (m 5 2H), 2.3? (s r 311), 3,61 (s, 2H) t 3,93 (s, M% 4 J 2 £m,3H}, 7.00-7,05 (m, 
2H, ArH). The ather regie isomer, 2-tTi.rMthyl$iIyIetllyl (4»fluoro-5-methDxy-2-meihyf- 
lH^mm^yl)m^im (4, Rj - F, R 3 - B - H, R 2 - Clh> &4 - C^CHsSiCCHs)^ may be 
isolated by concentration of the filtrate and puri fication by chromatography on silica- gel 

15 Step 3. Prepa ration of 2-trime th^lsil ylethyi- 0 -f(5«dalon^ 

:;; : CH^pH^UCH£}^ A ^ S-olilarothiq^hgnel, 

In a dry flask 2-trimethyIsilyl ethyl (6-fluoro-5 -raethoxy-2-mathyI- 1 /^hidol-3 -y!)aceiatc 
20 (4,. R ;. - H - R R 2 - CB* R 3 - F, R4 - CH^HM(m^ (LO & 2.06 mmol) was 

dissol ved in Mrahydro&raii (THF) (10 nlL) and he^amethySpbosphor^ (1 
ml,) and cooled to -78 *C, Potassium bis(trimethyl^lyl}amide QSM m Wimm (652 
mL) was added and the reaction was stirred tor 30 minutes, 5-CMorothiophene-2- 
carboixy] chloride (562 mg P 3 J mmol) in 3 mL of THF was added and the reaction was 
2S stirred for 0,5 hours at~?8 °G and 0,5 hours at 0 °C, and then treated with saturated 

amiTioniiim ciiloride (30 mL) and the reaction extracted with ethyl acetate (3 x 30 mL), 
dried over Mg8(>4 and concentrated to gi ve a thick oil which was purified by 
chromaiography it? aiibM 2-tri 

fliioro-SHi^thoxy^ (5 S R } « H - B> R a - O-fe, R 5 - F 5 R 4 

30 - GBsCH^SiCCH^ A ^ 5-cMorothiophene). (600 mg, L24 mmoi, 42% y >99% pure) as 
light yellow oil i H-NMR (GDC V3 00 MHz) consistent with the assigned structure. 
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Step : 4, .Preparatioa of f 1 -r(Sr£hkftx>^^ 



meth^^//^ mdo1-3-v1}ac elie acid (6, & x ** Jl % - CHk Ry^ P T Ra ~ It A - 5- 

5 

A solution of thp: product from Step 3/2-trimethyIsily^ 

yljcaitony^^ R t ™ B ™ : B> R?. ^ 

CH 3 , R 3 ~ F, R 4 - Gli 2 GH2Si(CH 3 ) 3 , A - 5-chtorotMophene) (600 mg v 1.24 mmol) 
dissolved m 8 ml of THF was treated with a solution of teirabutytaTnmoniam fluoride 

10 (IM } 3. 1 mL ? 3 A mnvol) in TI IF. The solution was stirred at room temperature until the 
ester had been cleaved (ea. 1 hour), and then '-'the solution was diluted with saturated 
aqueous ammonium chloride and extracted with ethyl acetate, llie combined: extracts 
were washed with briue, dried over MgS0 4 and concentrated to give a solid that was 
purified by ciiraiiiatography ehrtlng with hexaties and ethyl acetate to provide 280 nig, 

15 59% of pure (H(5-ch^ 

yl} acetic acid (& ? R\ 38 R 2 -Cl% R3 = F. &4 H, A ^ 5-cMorothiopto *C 
j H MMR fCDCIj/jOO Ml fe) 735 (d. 111, J - 40 Hz% 7.09 (d, t it J - 1 1 .7 Ms), 7.00 (d y 
IH, J - 7.2 Hz), 6.98 (d, I H,J - 40 Hz), 3.93 (s, 3H), 3,70 (s, 2H} ? 2,42 (s ? 3HK 

20 Step 5, Preparation of ll~[{5~ddorot hi^ 

ch!em tMopheneh 




The product from Step 3, 24rimethybi!ylethylr { 

25 iluofo^^ R* - H - B 5 K 3 CH 3i : :R 3 - F ? $U - 

GHaCH^SiiCBs)^ A - S-cMorothiophene) (400 mg. "0,83 mmdl) was dissolved in 10 mL 
of dry dichloromeihme cooled to -78 °CL The solution was then treated with boron 
iribramide (1M ? 49 niL> 49 mmol) in diehloromethaiie tod the sol ution allowed to w arm 
to room temperature ami birred at that temperature for an additional 2 hours. The 

30 solution was then poured into water and the phases separated and the aqueous phase 
extracted with dichiorornethaiie. The combined extracts were washed with brine, dried 
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ov.erMgS.O* and coBcentTmted to give a solid that was purified by clmmatography 
elutmg with methanol md dichloromethane to provide 150 xng, 49%, of pure £l -[{5- 
ehiorcrfhi^ acid (6, R t 

- H - B., R a B, R: 3 - F 3 A - 5-chlorotiimpbene) mp 1 74 *C, l H NMR (CIX%/300 MHe) 
7.34 (41 H, </ - 3.9 Ifz), 7 J. 3 (4 1 H, J - 1 1 J Ha), 7,07 (d, I H,,/ - 8.4 Hi?;}, 6.98 (d, IH r 
J - 3.9 Hz) 5 X66 (s, 211), 2.39 (s, 3H). 

Section 3 

General Synthesis Scheme I 

Certain iise&l cdmpoimcls may be prepared by the general metliod outlined in below. 



Mcl. VVt,: 144.17 



-5 




/ — CO*K 



Cl 



€r 0 

6 b R = H 



5b 
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Moi Wt 141 14 O 7 H 10 w^N2O 

• • • MoLWt: 192,82 



The preparcirioii of phenylhydradne deri vatives (2) begins with treatment .of 
commercially available anilines (1) with nitrous acid, generated ik>m sodium nitrite and 
5 concentrated hydrochloric acid, to produce the corresponding di&zonhnn salt In the 
same reaction vessel the diasomum salt is treated with sodium, sulfite and hydrochloric 
acid to produce the desired hydrazine hydrochloride (2) in 90% yield. Alternatively, the 
diazoniom salt can be reduced with stannous chloride in hydrochloric acid. 

10 Step; .2, Preparation o f indoles by the Fisher Indole syi^ 

example: (jMluaio-^^ 



I CO>H Mum ^ s*-CQM 




HOAc 3 ^ 11 F Tf CH * 

H n 



1:7 RATIO Wi - 237 W 



MoL Wi: 237.23 

! 5 Condaisation of hydrazine hydrochl oride (2) with levulinic acid (3) in acetic acid results 
in the formation of two regioisomericiiidole derivatives 4 and 5 in a i; 7. ratio, The major 
regioisomer 5 can be isolated in pure form by crystallisation of the reaction mixture. 
Alieniatiwly, the indole mixture can be esterified with an alcohol such as. 2-. 
trimethylsilylethanol to afford the corresponding esters that can then be separated by a 

20 number of means, for example by chromatography; 
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R - CH 2 CH ? Si(CH^3 
C^H 2 4FNG 3 Si 
Mot Wt.: 337,46 



S tep 3, Aoylation of indol e 5b: preparation of 
€hiorothien~2-yl)oaf^^ 1 acetate C6b) 



H3CO. 

F 



1 If t add PWpn^ ^^^^^^^^^^ 



H 



NaH / DMF 



4, 



5b 



MoLWi: 337.46 



a) R » H 

b) R * OH 2 CH 2 SKCH 3 )3 



Tj*eaiHi^t of the indole ester 5b with sodiom.Iiydn.de in dlmethyl&miatnicte (DMF) 
followed by treatment with m add chloride such m 5-chloK)thi0phene-2-€arboeyl 
chloride affiirds the acykted indole derivative 6 b in 82% yield. The ester can then he 
removed by treatment with an acid sueh as triflueroaeetie acid to pmduce the 
corresponding acid, in this instance 6 a, 

Step 4, Preparation of S^iydro xv indole derivatives: preparation of 1 1 -f j 5- 
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a 



a) R~H 

b) R * CH 2 CH^Si(CH3} 3 



Esters such as 6h upon treatment with excess boron tribromide iii dicidommethane can be 
converted to ihe coiresponding acid phenol .s, smh m 7 in good yieki Under these 
S reaction conditions both the ester and the S-ntetfaoxy moieties are dealkylated to the acid 
and phenol respectively, if desired the carboxylic acids can be converted to their sal t 
derivatives by treatment : with a base .such m sodinm hydroxide. 
General Synthe sis Scheme 2 

10 Certain compounds can he prepared according to general synthesis scheme 2 as follows. 



HQAe 



O 

J, 



H*CO< 




X' tV T* 




3 "fsf ^CHr, ^ If ^ CH 3 

4 5 

1b the first step fee hydrazine (2) is condensed with and ester of levuiinie acid in acetic 
acid to afford a mixture of regioisomerie indol e esters 4 and 5 (for example If one uses 

15 ethyl ievulinate (3, R - Bt the products (4 and 5} will be the ethyl esters, R - Et). The : 
esters can be separated and ihm acylated by the procedure outline in Scheme ! to. afford 
the corresponding aeyf derivatives such as 6, R Et in the present example, Hydrolysis 
of the ester affords the corresponding acid* 6a. If desired, the ester and the 5~methoX> ? 
groups can be removed in a single operation upon treatment with boron trihromide in 

20 dichloromethane to gi ve phenols mxch m 7, 
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Gene ral Syn thesis Scheme 3 

Certain compounds can be prepared according to general synthesis scheme below 
HaCp^ CH a CHO H3 °° 



2 





a' 



CO £ H 




H 3 C<X ^ 




CO*H 



> -/ 



5 "The route commences with the condensation of phenyihydradne derivatives such as 2 
with aceiddeh>#2 to afford tlie corresponding hydrazine 8, Aeylaiion of 8 with an acid 
chloride, in the present example 5-chIorothio^ followed by 

treatment with gaseous hydrochloric acid in mi alcohol sneh as methanol provides the 
desired aeylated .hydrazine 9 after iieatralfeatiOT of the excess acid. Condensation o f 9 
10 wiiil levulinle acid provides a mixture of regioisomers that can then be sepamied to afibrd 
aeylated indoles, hi the present example, 6 and 10. If desired, the 5-methoxy group can 
ihm be converted to the corresponding 5-hydroxy substitnent by treatment with boron 
trihrornidein dlchloromethane fdr exanipte to prepare 7, 

15. General Svntliesis Scheme 4 



Certain compounds can he prepared according to general synthesis scheme 4 asiblbws. 
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Treatment of the indole ester 1 1> prepared from the eo:rre$pondiii.g indole acid by 
5 coupling with 2-tximediyisi iylethanol in the presence of a dehydrating agent such m 

di^yolohexylcarfcodiirnide, with a strcmg base such as potassium bis(trim€thykily|)amide 
in tetrahydrofkran generate the indole anion that can be condensed with a sulionyl 
chloride to afthrd the i^sui&nyl derivatives sn^ as 12, In die present example 4- 
chlorobenzenesaifbnyl chloride was used the sulfbnyl eliloride. In the second step the N~ 
10 sulfoayl indole 12 is converted into the corresponding indole acid 13 npon treatment with 
tetrahatytomotirum Ouodde in tetrahydroturan if desired, the S-metboxy suhsiituent 
can he converted to the corresponding Sdiydroxy group upon treatment of 13 with boron 
trihrornMe in clichlomiBethane, 

15 General Synthesis Scheme 5 

Certain compounds can be prepared according to general synthesis scheme 5 as follows 



441 





Treatment of the Indole ester 11, prepared from the eom^pondmg indole add by 
5 coupling with 2-trimetliyf silylethaaol in the presence of a dehydrating agent such m 

dieydobexyle&rbodiimide, with a strong . base such as potassium bis{MmethyIsiiyl)aimde 
in tetrahydfoftmm generates the iadole anion that can be condensed with a einnamoyl 
ehloride to afiford theTV^acyl derivative 14. In the second step the A^aeyi indole 14 is 
eoixverted into the corresponding indole acid IS upon treatment with 
10 ictrabuiylamrnoniniB fluoride in ietrahydroihraiL if desired, the 5 -methoxy siihstitaetit 
can he converted to the corresponding 5~hydro2iy group, I6 5 npon treatment of IS wi th 
boron tri bromide in dichloromethane. 



General Synthesis Sch eme 6 

Certain componnds can be prepared according to general synthesis scheme 6 as. follows 
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CO; : H 



CS- 




10 



HO 
Gi 



MA, 




C0.>H 



cr 




20 



Treatment erf the indole ester 17 with a strong base such as potassium 
5 bk( tiimethyfei!yl)ami de in tetrahydmftiran generates the indole anion that can be 
alkylated wiih 4~eh3orohenzy! bromide to afford tJio AMieii^yl derivative 1 & In the 
second step fee A-beazyl indole 18 is converted into the corresponding indole acid 19 
upon irmimmi wi th sodium hydroxide in aqueous ielrMiydrofenm. If desired, the 5~ 
methqxy mibstituem can he converted to the eorrespanding S-hydK>xy group, 20, upon 
10 treatment of 19 with boron iribrdniide in diehlorqmethane. 



Gener al Synthesi s Scheme 7 




Illustrated in General Syiithesiis Sehraie 7 is the genera! method fer the preparation of 
FAAIi inhibitor compounds of the general formula (4). The s>n.teis commences with 
the eemdemation of an indole earhoxylie acid derivati ve 1 with N f O~ 
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diraethylhydroxylamme (generated fom M£?-diniethyto hydrochloride with 

triethyl&mine) in the presence of a dehydrating agent such m dicyek>hex;ylcarbodiimide 
(DCC) to provide the so-called Wetoreh amide derivative '2, Treatment of amide 2 with 
the lithium derivative 3 ? generated by treatment of the corresponding oxazole with n- 
butylii£hmi% provides the ketooxazole derivatives of formula 4. 



General Synthesis Sc heme 8 




An alternate procedure for the preparation of compounds of the general formula 4 is 
illustrated m General Synthesis Scheme The indole earboxylic acid derivative 1 is 
converted to tlie corresponding acid chloride 5 by treatment with ox&lyl chloride or with 
ihionyi chloride (SCCfe). The acid ehion.de is then troated with an organostanDane such 
as 6 iii the presence of pa Oadinni catalysts to affect Still e coupling. If necessary this later 
reaction can he conducted under m atmosphere of carbon monoxide to suppress 
decarboxylation of the acid chloride during the Stille --coupling, hi a variation an the 
above scheme the or gano lithium derivative 3 can be converted to the corresponding 
prganozine derivative (ZnCia) and then coupled to acid dilori.de 5 to produce fee 
compounds of formnia 4 

General Sy nthesis Scheme 9 
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In certain instances it may Be advantageous to use the -route outlined- in General Synthesis 
Scheme 9, This, method commences with the redaction of the earboxylic. mid moiety of i 
to afford the corresponding ..alcohol 7 and subsequent ■ conversion, tov the corresponding 



5 aldehyde 8 under suitable oxidation conditions sbcII as with 'the Dess-Martin peri odinane 
reagent. Tile aldehyde 8 can then be treated with the organoliihiurn reagent 5 to prepare 
alcohol % which in turn is converted into the desired ketones 4 by oxidation with the 
Dess-Martm periodmane reagent. 



ID Using the same general methods outlined in General Synthesis Schemes 7 5 8 and 9 it is. 
possib l e to prepare a wide range of ketone derivati ves by changing the nature of the 
orgaiipllOiiimi. organozine or organotin derivative. The following generalised examples 
show how each of the desired ketones can he prepared from the appropriate starting 
materials. 

m 

"NS^ Prepared from the appropriate phenylhthioiii derivative and the 
Weiiireb amide such as 2 . 
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Prepared from 2^brpmopyriame by treatment with ^butyll iihi am and 
condensation with a Wctarcb amide such as 2, Alternatively^ 2»bxx)tBopyri dine cao be 
•converted into 2~{tri^b^ and then condensed with an acid chloride 

such as S under palladium eat&lysis, 




Prepared from 3-bromapyridine by treatment with ^-feutyUilhiuni and 
condensation with a Wdnreh amide such as- 2, AJfernatively,: 3~hR)mo?>yridine can be 
converted km 3~(in-n-bntytetmmw and then condensed wife, an acid chloride 

such as 5 undLT palladium catalysis. 




N 



Prepared from 4-btx>mopyridine by trcatoient. with n%jty|]Uhium and 
condensation with .a- Weinreb amide such as 1 Alternatively 4~bmTnopyridine can be 
converted into 4-(tri-^-baty!$ta^naiiyl)pyridine aird'fhen condensed with an acid chloride 
such as 5 under palladium catalysis* 




Prepared from pyrida^ine by treatment with excess lithium 
tetmBelhylpipeiididc and condensation with a Wemreb amide such m 2, AitemativeSy, 
treatment of 3(2m~$yndmm&m with trifluoromethancsulfonic anhydride followed by 
coupling with hexabatyiditin promoted by palladium catalysis aSbrds j-(tri^- 
bmybt^B>4)pyTida^me which can then be condensed with an acid chloride such as S 
under palladium catalysis. 
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4n(tri^Bxit^ cm be condensed with m acid 

chloride such as 5 under palladium catalysis to afford these desired ketones. 




Reaction of tri^butybtaonyi lithium "with jximidiae affords 

2-(tribotylstatmyI)pyr[mi can be -condeaased the an acid chloride such as 5 

under palladium catalysis to afford these desired ketones. 




.4(3//)- Pyrimidone upon treatment with trifluommethanesolibnic 
anhydride in pyridine provides the correspandijig iriflate that upon reaction with 
hexabutyiditiii in the presence of M?-(u1phenyiphospto (H) chloride 

produces 4-(trihuty^ Treatment of 4~(iributyl^ with 

an mM chloride such as 5 imder palladiurn catalysis affords these desired ketones. 



O 



R 




^' Treatment of S-bromopyrimidine with hexabuty 1 ditm m the presence of 
a palladium catalyst affords 5~ftrihuty!stam^ which can be treated with an 

acid ehlo dde such m 5 to aflbtd these desired Jcetoues. 



O 

JL M 




H 2-(lTibutylstannyI)pyraziDe prepared by treatment of ehlorop>^ine 
with ■ ^b'uiyilifhium followed by condensation with trw7~butyitiB chloride is treated with 
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an add chloride such as 5 to aijbrct the desired ketones. Alternatively; the lithium 
derivative derived from treatment of ehtoropj^azine with ^-butyllithium can be 
condensed directly with the Weinreb amides such as 2 to prepare these desired ketones. 




V N Treatment of aldehydes such as 8 with [ 1 ? 3]oxazoIo[ 5,4- 
& ]pyridta-2-yilithium followed, by oxidatiott of the iiicipiept al cohol with the Dess-Marlm 
periodinane reagent can be used to prepare these desired ketones 




10 " treatment of aldehydes mch as 8 with [Iv3j0xa^olo| 5,4- 

c]pyridiB-2-yliithium followed by oxidation of the iiieipicnt alcohol with the Dess-Martin 
periodinane reagent can be used to prepare these desired ketones. 



0 




3 



Treatment of aldehydes such as 8 with [1,3 joxa^iilo [43- 
15 c]pyridin»2-y]lithii^ followed by oxidation of the incipient alcohol with the Bess-Martin 
periodiBane reagent can be used to prepare these desired ketones. 




Treatment of aldehydes such as 8 with f l ft 3-}oxazolo( 43- 
20 i>]pyridin-2-y0ithium followed, by oxidation of the incipient alcohol with the Dess-Martin 
periodinaxie reagent can. be used to prepare these desired ketones. 
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o 



l^eatmeni of aldehydes such as 8 with ! 3-baimx.azol-2- 
yHitbium followed by oxidation of the incipient alcohol with the Dess-Martin periodinane 
reagent can be used to prepare these desired ketones. 



General S ynthesis Scheme 10 
j — COj.H 




"O 
1 



Ri 

- ,k 



R 





a 



M 

a a 




\ 

¥ ^ CH 8 {CF 3 CO) 2 0 




Illustrated in Genera! Swtteis Scheme 10 is tlio : metli0£l for the prepar^oo of 
trifluoromethy ketones such as 10. The earhoxylk acids 1 are eon verted to the 
coxxe^pondmg acid chloride 5 with oxatyl chloride m& then converted into the 
trilluoromsthylketones by treatment with irilluoroaeetie anhydride in the prmmm 
pyridine according to the method described by Boiyhi, J,; 81 'KffiKL L*; Z&rd, .S, 
Tetrahedron .Lett. 1992, 33, 1 285-1288. 



General Synthesis Sch eme M 




Illustrated in Genera! Synthesis Scheme 1 1 is the method that was used to prepare alpha- 
ketoester derivatives of the general formula II, The procedure involves eondmsatioa : of 
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the earboxylie acids 1 with ethyl ehlorooxoacet&te m the presence of pyridine and 4- 
(dimelhylamino)pyrsdiiie (DMAP) to produce these desired keto esters II according to 
the method of Li, Z, ; Patih Cl S,; Gotuhaki, Z. EL; .Hon, I L; Tehrani, K. ; Foreman, X E, ; 
Eveieth, D. D.; Bartus, R. 1\; Powers, J. C. : . X Med, Chem. 1993, 36, 34?2~348Ch 



Gener al Synthesis Scheme 12 





T" 



1 



12 



•CONH* 



1.) (COQ) 2 
2) NB40H 



14 



R. 




15 



Illustrated in General Synthesis Scheme 12 is the method that was used to prepare 
Inhibitors of the general forrnuia 13-15. The sequence commences with the con vers ion in 
earboxylie acids 1 to the corresponding add chlorides 5 with oxaiv! chloride, 1"reateeni 
of 5 with di&^omethane affimls the corresponding diazoketenes 12 in excellent yield that 
can then he converted into the chain extended catboxylie acids 13 upon treatment with 
silver herniate in aqueous tetrahydrofuran. Oxygenation of the enolate of 13 gewmied 
with lithium dlisopropyiamide provldos the aipha^ydraxyavids 14. If desired, the alpha- 
keto amides 15 can be generated from 14 by a sequence Involving conversion to the acid 
chloride, treatment with aqueous ammonia, and finally oxidation of the alcohol to the 
corresponding ketones with the Dess-Martin periodiuane reagent. 
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Genera! Synthesis Sdieme 1 3 illustrates the method that can be- used for the preparation 
5 of compounds of the ..general; formula 20, The process commences with the condensation 
of m aryl hydrazine derivative IS with benzyl 6-oxoheptanDaie (17) imder the standard 
Fisher indole synthesis conditions to afford indole deri vatives 18, Aeylation of the indole 
nitrogen with an acid chloride to provide the new indole derivati ves 19 is normally 
accomplished by generation of the indole anion with a strong base such as sodinm 
10 hydride. Ilia benzyl ester of 19 is then removed by fa ydrogenolysis over palladium on 
carbon, to a ffi>ixi the desired indole butyric acid derivatives 29, 

Seetieia 4 

Synthesis of Ileierocylic Fused Ring Systems 

15 

Various methods are known for the synthesis of fosod heterocyclic ring systems. Several 
are referenced hdow. Many others are known and useful 

[ 1 ,3 ] ihi&zoloj 4, S- h]pyridine"2"yi can he prepared according to ; WO200405 872 8 . 



451 



WO 2008/019357 PCT/US2007/075332 

[],S]d^.azQlo[43^]p^4in^2^ can be prepared according to: International Journal of 
Sulfur Chemistry, Fart B: Qn&rieriy Reports on Sulfur Chemistry (1972), 7(2), 1.21- 
153. 

[l,l]ihia£d^^^ can be prepared accordiiig to Journal of Heterocyclic 

Chemistry (1990), 27(3), 563-566, 

[I ^ jthiamlolS^^jpyrldioe a-yl eafr be -.prepared according to IntemMionai Journal of 
Snl&r Chemisiry, Part B: Quarry. Reports on Sulfur Chemistry 0972), 7(2), 121- 
153. 

fl ? 3 JM^ can be prepared according to Science of Syiithesis 

(2002), I I 835-S12. 

[ i ,3 ]thu^;olo|;4^5^ jpyri roidine~2-y 1 can be prepared according to Indian Journal of 
Chemistry (19711 9(7), 651-654 

.[I,3]iWazo1o[%S~^ can be prepared according to Bulletin dc ia Societe 

Chiniique de France (1971), (4), 1 491 -1496, 

P3]o&a£ok^ can be prepared, according to Tetrahedron Letters 

(1990), 31(g), fl 55- J IS 7. 

P3]o;&amlo|A cm be prepared according to Australian Journal of 

Chemistry (1970), 23(6), 1229-1248. 

[! 33^^olo[4 ? 5-ftjpyridine-2-y] can be prepared according to f ieterocycles ( 1 995). 
41(3), 477-485, 

p J3oxazoIo[4 f 5-cjpyridiBe-2-yI can be prepared according to BP 1 203766 
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[13 jDxazolo[5 ? 4"<|pyndine-2-yi cm be prepared according to WO 2004064778 



" [l,3jaxazol0[ can be prepared according to WO 2003048137 

Fim> ; [2 3 3-&|p>^dih^2-yl can be prepared according to Synthesis (1981), (6), 464-465. 

Furo[23^]pyndine-2-yI can be prepared according to J ournal of Heterocyclic Ch^lstrv 
(1982), 19(5), 1207-1209. 

Fwo|3>2^ Journal of Heterocyclic Chemistry 

(1971), 8(1), 57-60. 

Fum[3,2-fe]pyTidirse-2-yI can be prepared according to Journal of Heterocyclic Chemistry 
(1986% 23(3), 665-668. 

Thieno[3 3 2»€/|pyri.raidine-6-yf can be prepared according to Tetrahedron (1971 % 27(2),. 
487-499, 

Thi^o[23-#|pyrimidute-6-yi can be prepared according to Journal of Beterpcyelic 
Cliemistry (1975), 12(5), 92! 4)24. 

Thicno[2 ? 3 -cjpyridazine-6-y! can be prepared according to Phosphorus, Sulfur and 
Silicon and the Related Elements (2004), 179(2), 321 -344. 

Thieno[25~d1^^ can be prepared axxatding to Bulletin de la Societe 

Gblmiqne de France (1967), (7), 2495-2507, 

Tbiceo[3,2-<jpy^^ can be prepared according to Journal of the Chemical 

Society [Section] C; Organic (1971), (7} ? 1285429L 
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lliieno[^ be prepared according to Journal of Heterocyclic 

Chemistry (1976), 13(2), 273-275. 

ThtenotS^^jpyddine^-yl sm be prepared according to. Journal of Heterocyclic 
5 Chemistry (1984), 21(3), 785-789. 

TMen0[3,2-e]p>Tldiiie-2-yl can he prepared according to Journal of Metetoeydie 
Chemistry (1993), 30(1), 289-290, 

10 11iieno[2,3-c]pyridinc-2--yl can be prepared according to Synthesis (2004), (12), 1935- 
1937, 

Thie2^o[2,3"&jp>ddirie-2-yIcan be prepared according to Journal of Organic: Chemistry 
(1987}, 52(19), 4280-4287. 

15 

3/iMBnd&^^ be prepared according to TetraJmlron Letters 

(1993), 34(12), 1897-1900, 

Sii-imidazo^ can be prepared according to Kbimiya 

20 GeierotsiMklieskikh Soedinenn (1994), (10), 14114 419. 

7H~purir*e^yI can be prepared according to Chemische Bericbie (1967), 100(7), 2280- 
229 L 

25 lB-pynolo\3^l}jpyxMm0-i^ tern bo prepared according ta journal of Heterocyellc 
Cilemistty (1 992), 29(2), 359-367, 

ljy-pyrral cm be prepared according to HeterocyeleH (1 992), 

34(12), 2379-2384. 

30 
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i//«gyitoto[2-3^Jpytiditi^2^yl can be prepared accor ding to Sytrthesis (!996} r (7), 
877-882, 

i//~pyiro^ cm be prepared according to Journal of the Chenrfcal 

5 Society [Section] C: Organic (1969), (IT), 1505-1514, 

t//«p>woio[2^ can he prepared according to Comptes kendus des 

Seances de l^cademie des ■SdpcesJwe'C; Science Chimiques (1967}, 265122), 
1271-1273, 

10 

5i^pyrrolo[3,2-clpyrida^inC"6-yI can be prepared according to. Diss. Abslr, lot B 1974* 
35(3), 1199. 

7H"p>¥rolo[^^ can be prepared according to Diss. Ahstr, lot B 1974, 

15 35(3}, 1 199, 

5//-pyrrol0[2;3.^ can be prepared according to Tetrahedron Letters 

(2004) f 4503), SG&7-809G, 

20 5//-pyrroIo[3 ? 2 ^f|pvrimidiBe-6-yI cm hv pr epared aeeofdxng to Synthesis (1 974); {12% 

7£f~pyrro!o[2^ can be prepared according to WO 2003 CMS 120, 

25 Section 5 

i^paraliorj : of algha- keto amide derivatives. 
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II 7 



R - H.CH;, 



5 



Ci 



Treatment of Indole derivati ve I with sodium hydride ill dry dimetljj4fonTiaiiide (DMF) 
and reaction with benzyl bromide 2 provides the alkylated derivative 3. Treatment of 3 
5 with axalyl chloride in dlchloromethane affords acid chloride 4 that can be reacted with 
amines to provide amide derivatives with the general structure 5. Most of the amines are 
commercially available or can be prepared by methods described in the literature. These 
amines include those represented by CA Registry -Numbers: 504-29-0 (Alia Aesar, Ward 
Bill, MA, catalog no. A 12374); 108-91-8 (Sigma-Aldrich, St. Louis, MO, catalog no. 

10 240648), 765-30-0 (Sigma-AidTieh, St. Touts, MO, catalog no. 12SS04); 251 6-34-9 
Aesar, Ward Hill, MA, catalog no. A13423); 1003-03-8 ( Alii Aesar, Ward Hill, MA, 
catalog no. L0I966); 96-50-4 (Alfa Aesar, Ward Hill MA, catalog no. A 12026); 7720- 
39-0- 4570-45-0 (GLSynihesis Inc., Worcester, MA); 462-08-8 (Sigma-Aldrich, St 
Louis, MO); 504-24-5; 591-54-8 (Sigma-Aldrich, St. Louis, MO, catalog no. 261823); 

15 5049-63-6 (Alfe Aesar, Ward Bill, MA, catalog no. A 13052); 1 09-1 2-6 (A1& Aesar, 

Ward Hilt MA, catalog no. B24594); 5469-70-5 (see Torek, et al. Tetrahedron 1993, 49, 
599-606); 20744-39-2 (SYNCHEM OHG, Kassel, Germany, catalog no. ct267); 591-55- 
9; 14678-05-8 (see Iwal and Nafcamura, Chemical & Pharmaceutical Bulletin 1966, 14. 
1277-1286); 1750-42-1 (Sigma-Aldrich, St. Louis, MO, catalog no. 424218); 14678-02-5 

20 (Sigma-Aldrich, St. Louis, MO, catalog no, 304271); 1 072-67-9 (Sigma-Aldrich, St. 

Louis, MO, catalog no. 232270); 1829-80-0 (Sigma-Aldrich, St. Louis, MO, catalog no, 
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160644); 3 =230- 17-8 (Aife Aesar, Ward Mitt, MA, catalog no. A 1 1642); 4502-624 (see 
Brdwn arid Sainsfeury, Science of Synthesis 2002, 11 507-572); #2357-92-4 (see 
Goerdeier .-and Pofcland, Angew. Chem. I960, 72, 77); 128146-85-0; 24340-76-9 (see 
Samaritooi et al, Journal of Agricultural .and Food Chemistry* 1997, 45, 1920-1930); 136- 

5 95-8 (Sigma-Aldrich, Si. Louis, MO, catalog no. 1 08812); 4570-41-6; 40926-66-7 (see 
Kalchevs et al, Zeitsehrift fmr Chemie 1981, 21, 219-220); 11449 8-5 5-4 (Chemstep, 
Garhon Blanc, France, catalog no. 17590); 1 18767-91-2 (Cllemstep, Carbon Blanc, 
France, catalog no. 1 751 1), 4592-62-5, 82357-92-4 (see Goerdeier and Horn, Ber. 1 963, 
96, 1551-60); ! 820-80-0 (Sigma-Aldrieh, St. Louis, MO, catalog no. 160644); 6826-24-0 

10 (see Vim ieusen et al. Journal of Organic Chemistry 1 98 1, 46, 2069-72 and Tanimoto et 
al. Chemical & Pharmaceutical Bulletin 1984, 32, 1032-1039) and 33119-65-2 (see 
Crank, et d,. Australian: Journal of Chemistry 1985, 38, 447-458). 



They also include those disclosed in Van L eusen et al . J ournal of Organic Chemistry 
ig 1 98 1 , 46, 2069-2072 such as 



H 2 H 





H 2 N — ^ || 



,and 

Herdeis aad Csehhard Heteroovcles 1986,24. 1019-1024 such as 




, and 



H 2 N-~<( j 





and 



20 



General method for the preparation of selected ketone derivatives. 
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Starting nvaieriais for the preparation of ArLi reagents include: CA Registry Nimibers 
20662-89-$ (see Whitney et aL Journal of Organic Chemistry 1990, 55, 929-935); 
5 133229 -54-6 (see Whitney et al Journal of Organic Chemistry 1991, 56, 3058-3063); 
681.135-35*7 (Chemstep, Carbon Blanc, France, catalog no. 1586?}; 681 135-57-9 
(Chenrsiep, Carbon Blanc, France, catalog no, 15866): 35299-24-2 (see Boger et al 
Journal of Medicinal Chemistry 2005, 48, 1849-1856); 681135-59-1 (Chemstep, Carbon 
Blanc, France, catalog no. 15 865); 1006-68-4 (Ryan Scientific, Inc., Isle of Palms, S€* 
10 catalog no. SEW 04470); 70380-73-3 (Ryan Scientific, foe.. Me of Palms, SC, catalog 
no. SEW 00968); 70380-74-4 (Ryan. Scientific, inc., Isle of Palms, SC, catalog no. SEW 
00967); 703S0C?5-5 (Ryan Scientific, Inc., Isle of Palms, SC, catalog no. SEW 00891); 
121855*80-9 (see Davies et al. Journal of the Chemical Society, Perlcin Transactions 1: 
Organic and Bio-Organic Chemistry 1 989, 837-838); 




1856); 
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(seeCmweet aL/TetraliedroB 1995, 51, 8889-8900); 




3420), 
5 and 



(see Doadorti et at Journal of Orgauic Ghemistry 1983, 32, 3413- 



LH~^ J Li — h# J 

& at^ (gee Subram^ 2002, 43, 6313- 



6315. 



to 

Genera! method for t he preparation of selected ketone derivatives by Fne del-Crafts 
aeylatioa ofa*! indole. 




The following mnipoiinds (Ar) ean be used for the preparation of earboxylie acids for 
aey iation of indote hi the 3-position and are either commercially available or caa be 
deri ved from the literature methods m described: CA Registry Nos. 16042-25-4 
(Mayhridge pic? TIntageL Cornwall, United Kingdom, catalog no. CC 08901); 59020-44* 
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9 (J & W PharniLab LLC, Moms vi 1 i e. P A, catalog no. 90-0085); 75390-44-2 (ACB 
Blocks Ltd, Moscow Russia, catalog no. XHA-OOOl); 59020-45-0 {Aiiichem LLC, 
Monmoalh Junction, NJ 5 catalog no. S10224};59020-46-l (see PCX publication 
WO20020 1 43 1 1); 5 9020-47-2 (Aftichem LLC, Monmouth Junction. HJ . catalog no . 

5 SI 0225); 862494-59-5 (see PCX publication WO2005074645); 721927-07-7 (see PCX 
nubHcatloii WD2004058728); 794500-94-0 and 723733-05-9 (see PCX publication 
WO200405S728); 19163-24-7 (ASM me^NewarL DE, catalog nth 500022101); 119082- 
97-2 ((AS0I lac, Newark, DE, catalog no, 500021267); 35299-74-2 (see Kauttmann et 
ah Angewandte Chemie, Internationa! Edition in English 1971, 10, 741-3); 278303-20-6 

10 and 2 16867-32-2 (AKos Consulting and Solutions GmbH, Basel Switzerland, catalog 
nos. BB¥~00006978 and BBV-0001 1817); 527-72-0; 21169-71-1 and. 14442-12-7 
(Sigrna-Akirieh, St. Louis, MO, catalog nos. 88990, 636258, and 633690); 499770-97-7; 
10271-85-9 (AstaTech, Inc., Bristol, PA, catalog bo. 62856); 4576-90-3 (see .Holland .et 
ah Journal of the Chemical Society 1965, 7277-7282): 3209-71-0 (ChemFacific US A 

15 Sales Marketing and Research Center, Baltimore, MD, catalog no. 37117); 716362-1 1-7 
and 716362-05-0 (Anibinter, Paris France, catalog nos. CIZ-0Q20 and C1Z-0022), and 



General method for the construction of 3-aryl-5-carboxy isoxaxoles by dipolar 
20 cyeloaddition o f nhrile oxides (generated from oxinies with N-chldTosweeinimide and 
triethylamine) with ethyl propiolate. 



fiC\;C-"4 II 




(sec PCX publication WQ2004054974). 



AfCH-NOH 




1}NCS/£t>N 



25 



Using Ibis methodology. 
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OA registry no. 1 073-654) (Chemstep* Carbon Blanc, Prance, catalog no; 20123) cm. be 



for the preparation of HOg 



9 \ /-X 



5 GA registry no. 1 193-98-2 (see Jose et af. Synthetic Cominamaationis 2000, 30, 1509- 



1514} can be used for the preparation of HQ 2 C N ; 




CA registry no., 83959-46-0 (Chemstep, Carbon Blanc, France, catalog no v 18812) can be 



10 used for the preparation of H % 




CA registry no. 53348-44-4 (see BP patent publication EP1 94746A2) can be used for tile 



preparation of HO2C 




15 



and CA registry no, 50901-50-3 (Chemsiqp, Carbon Blanc, France, catalog no. 5053) can 



be used for the preparation of HQgC 




HO,C-~<k V 



20 




is prepared as described in US3 957805, 
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MeO. 




COCi 



NH 
A 

Af V NHQH 



R- H. CHg 



yea 



1) Et 3 N 



2 heat or EDC 




The following is a list of commerci ally available or literature references for the 

NH 

J 

preparation of eartxrahnides AT^NHOH: OA Registry Nos. 613-92-3, 1772-01-6, 3594- 
58-7, and 1594-57-6 (Sigraa-Aldrich, St Louis, MO, catalog nos, S778 176, 542792, 
542814, and 542806}; 51285-1 1-1 and 90993-49^0 (Chemsfep, Carbon Blanc, France, 
catalog nos. 19221 and 18704); 90993-48-9 (see Easinon etal. Journal of Medicinal 
Chemistry 1992, 35, 3288-3296 for the preparation of 3-eya»epyrMaxiiie and Robha 
Ann. Chim. (Paris) 1960, 380, 414 fer the preparation of 3- 

pvTldaxinecarboxamidoxime); 51285-05-3 (Oakwood Products, foe. West Columbia, SC, 
catalog no. 017309}, and 39123-45-0 (see US37051 57). 



General method tor the pre paration of O^-oxadiazole eeniainmfi ke ione.o^riyad v&s : - 




462 



WO 2008/019357 



PCT7US2007/075332 



The following is a list of commercially available or literature .references for obtaining 
acylhydraiddes. 

OA Registry No. 89463-74-1 ; 87362-28-5; 56932-26-4 (Cfaerastep, Carbon Blanc, 
Prance, catalog no. 29632, 1 8794% 29637); 39513-54-7; 768-05-S (J & W PfiarmLab 
LLC, Momsvirie, PA, catalog no. 70-0046, 65-01 13); 103028-60-0 (see GMa el ah 
Nippon Kagaku Zasshi 1958, 79, 1452-1454); 13363-69-4 (see Beringer et a!. Helvetica 
Chimica Acta 1 966, 49, 2466-2469), 52938-97-3 (T€i America, Portland, OR, catalog 
no, PI 394); 862089-25-6, 56632-46-3, and 216867-35-5 (AKas Consulting and Solutions 
GmbH, Basel Switzerland, catalog nos. BBV-90Q1 1847, BBV-0001 1848, and BBV- 
0001 1849); and 




K ^ (see W09854164); 
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General methodibr tlie preparation of indole ketones by T^aclign of 3 4ithio4ndole with 
an aldeh y de fo llowed by oxidation with fee Doss-Martin reagent, 




The following is a list of commercially available or literature references tor obtaining the? 
requisite aldehydes (ArCtlO in abo ve reaction), C A registry numbers: 34360 ! -3,1 -4 (see 
15: FGT publication W02OM 038332); 11 26-95-2 (see Werm uth et al . j o urnal of M edi cinal 
Chemistry 1987,30, 239-249); GA registry number 1 120-95-2 can be used to synthesize, 
and aldeliyde m the. following reaction 
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2}3NHCi 



(see 



Gsisthier et.al Org. Lett., 2002, 4, 375 -378); 



CA Registry no. 342603-67^2 which can be derived from the following reaction: 

N 2)3NHGI 0 A 



(see Gaethiex et at Org. Lett, 2002, 4, 375 -378,); 



CA Registry no. 545445-71-4 which can. be derived from the following reaction: 



J \ 




1.) Pci(dppf)Ci 2 oCH-^C3^'% 
2>3NHCi ' 



(see Oautbier et al. Org. Lett., 2002, 4, 375 -378.); 

10 CA Registry no. 342601-17-6 (see WO20O1O38332}; and CA Registry no. 106833-79-8 
(see WO20020 16355); 



General method fer the preparation of ketone derivatives by reaction of an organomeudlic 
reagent with the indole Weinreb amide. 
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MeO 




r, — N 




PCT/US2007/075332 

XMMb(OMb) 



SeeBoger et ai Journal of Medicinal Chemistry 2005, 48, 1849-1856. Starting tuateiial, 




(C.A Registry no, 5998*8SM>) can be obtained by processes described in 
5 Dadkhali ami Prijs 1 962, 45, 375-38 1 or using the following reaetiqn; 



N nByp 



ZnCI 2 



1} Pd(dppf}C! 2 
2} 3N HCt 




which Is described in GauMer et al. Org, Lett, 2(302, 4, 375 -378. 




MeO- 




R - H, GH 3 
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See Boger et at Journal of Medicinal Chemistry 20Q5, 48, 1849-1856, For starting 



material, 
375-38 L 




(CA Registry no. 5998-85-6} see Dadkfeah and Prijs 1962, 45, 




Florida Center ibr Heterocyclic Compounds (Gainesville, FL, catalog no. 1265), 



46? 




See Gauihier & at Org, Lett., 2002, 4, 375 -378 and Boger et &L Jo urnal of Medicinal 
Chemistry 2005, 48; 1849-1856. 
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See Gauihier et al Org. Lett., 2002. 4, 375 -378 and Soger ei ai Journal of Medicinal 
Chemistry 2005, 48, 1849-1856, 
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See GautMisr et a! Org. Lett., 2002, 4, 375 -378 and Boger et aL Journal of Mcdiomai 
Chemistry 2005, 4% 1849-1856. 



5 
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n — N 



Ok, * 1 r ESS*** Ok-^* 

cfcoxane 




/— N. 

For reagent O Gl (C A registry no. 95458-77-8) see Mavivetal. journal of 




pONKle(OMe} 



R = H,CH 3 



Bu 3 Sn 



Medicinal C&a&tStty 1988, 3.1, 1719-1728. For reagent 
at Tetrahedron Letters 1997, 38, 5791-5794 




N 



see Heldmahn et 



472 
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See Hodgetts et al. Org, Lett., 2002, 4, 2905-2907. 




See Hodgetts et al Org. Lett., 2002, 4, 2905-2907, 



474 




475 




Sce Hodgetts etal. Org, Lett, 2002, 4, 2905-2907. 

5 
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Reagent 




(CA Registry no. I00SS-38-3) is available from 



MioroChemiKtry Xtd. (Moscow^ Russia, catalog no. .'thiazole 750) 
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HG*C 



Starting 'Material 




(CA Registry no, 24827^42-5) is available 



from Anichem LLC (Monmouth Junction, NJ ? catalog no. S i 02 1 9) 




Q. 



anhyd. H P 



R ~ H, CH 3 




H0 2 . 



Starting materia 




(GA Registry ftp. 2 16867-46-8) is available 



from Ani ehem LLC (Monmoutli Junction, NJ, catalog no. S I 02 1 8) 



to 
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See Bodgetts ®t sl Org- Lett, ..2002, 4, 1363-1365, 
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mi 
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See Hodgctts et al Org. Lett. 2002, 4, I 363*1 365, Siaiting materiar 




(C A registry no, 71 13-10-2) is avail^ljp''fi^m/$yp!Cbem loe, (Des 
Pkines, £L> catalog no, SG-22021 ) 



5 




Seellodgetteetaj, Org. Lett. 2002, 4, 1363-1365. Starting material Br 
10 (CA registry no. i 7023S-2$-4) is availabie from SynC&sm Inc. (Dm P!ai»«s, IL, catalog 
no. SC-217S9). 
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See Hodgetts et &L Org. Lett. 2002, 4, 1363-1365. 




SeeHodgetts at aL Org. Lett 2002, 4, 1363-1365. 
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5 See I iodgeUs et aL Org. Lett. 2002, 4, 1 363-1365. 
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Sso Hodgeits -el al. Org. Lett, 2002, 4, 13634365, 



the following reaction: 




(CA Registry no, 86149-24-8) can be synthesized using 



CA Registry no 2/3-53-0 




nBuU 




10 u "^o as described in 

Subramanymo and Chang Tetrahodrars Letters 2002 v 43, 6313-6315, CA Registry 273 ■■■ 
53-D is ootrmierdafly available (AJfa Aesary Ward Hill, MA ? catalog no, A174S9) 
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Grignaixi teagofil ^^^0 (CA Registry no. \ 26507^53-7) can be prepared 

using the metliods described in WO2003087068. Although in most cases the org&no- 
lithium derivative w shown, both organo-Iitliiom and Gngnard reagents cm be prepared 
and used slinilarly in tihe subsequent 5 schema. 




POCh } DMf 




CO 




GHO 




L > R r y 

N _ ^ '**&<^tf 

) CA Registry no. 



•Of 



Ci 
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Li 



tT is prepared m described in WO2003087068 , 



See Boger %i aL J, Med. Chem, 2005, 4% 1849-1856 for general reaction schema. 



CHO 




W ( CA Registry no, 273 -56*3) cm be synthesized using the processes 

described in Katner and Brown Journal of 'Heterocyclic Chemistry 1990, 27, 563-536 and 
an organo-HtMum derivative or Grignard derivative prepared as described above. 



See Boger ei nl h Med, Cheiik 2005, 4% .1849*1 856 for general reaction schema. 
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9001 -9004. 



5 

See Soger etaL JL Med, Chem. 2005, 48, 1 849-1856 for general reaction schema. 




10 
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O (CA Registry no. 273-63-1 } is prepared as described m Takaf&shi and 

Kgshiio, Chemical & Pharmaceutical Bulletin 1.959,7,720-725 and the organo4ithiuni 
deoYativc, 



is prepared as described above, 



See Boger el al J> Med Chem> 2005 r 48, 1 849-1 SS6 for genera! reaction schema, 



R 




Qv // \ 




anhyd. HP 



f if %~R 



G 



a 



R * H. CH 3 



Gi 




H0 2 C <? | 

For more information: on starting materia] (CA registry no, 4747- 

46-0} see Tab&k et at Tetrahedron 1966, 22, 2703-2710. 
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m$ LidH 




^ — 



R - H, CH 3 



HCM> 





Q 



anftycl HF 




N- 



For more intbrmation on starting material 



Et0 2 0 



N" 




(CA Registry no. 



1 5401 2-24-3) see Hoizer and Sdringer Journal of Heterocyclic Chemistry 1993, 30, 865- 
872. 
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Starling malarial H (GA Registry No, 421 66-50-7) is available from Beta 

Fhamia, Inc. (New Have% CT ? catalog no. 23097} 



H 



C0 2 Et 



Et0 2 O 



o 




BO2G— <^ J' 




aq. UGH 





HG 2 0 



anhyci HP 





Starting material H (C A Registry no. 2081 5-52-5) i s available from Prime 

Orgaaies* Inc. ( Lowell, MA, catalog no. PQI-58-21) 
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H 



CO;;!."; 



B0 2 0 





JO 



Starting material H (CA Registry no, 22930-71 -8) is available from 

Ghemstep (Carbon Blanc, France, catalog no. 19541) 




GOgEt 



/} ti 
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H2N- 



For mo^ inibnnation on starling material 



seePiozaaiid Pif&ri Farmaco 1994, 49 , 683-692; 




(CA Registry no. 40972-1 6-5) 




£ or more inioimaikm on starting material \^ {CA Regi stry 110, 

] 54012-27-8} see Holzer anil Seirihger Journal of Heterocyclic Chemistry 1993,30, 865- 

B72, 
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-fir n 



6 



€0 2 Et 




aq. UOH 



H0 2 0 



J/ 




R 



hi- 




Qv JJ v 



fv — N N 




R ~ B, CH 3 



N" N" 



N 



Siting material H (CA Registry m. 75Q4-94- 1 } is availably W. 

Scientific Exchange^ Inc. (Center Ossipee, NH ? catalog no. M-278979) 
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For more mfonnation on starting material H. (C A Registry No, 1 03 394-79- 

2) see S'cfauier an&'Wyssi E. Archives Iniemationaies de Pharmacodynamic et de 
Tferapie i960, 1 28, 431-468, 




EtO- 





aq.' UOH 



... 



N 



R-HL CHg 



HO.C 



O 





EtG 2 C- 

For more information o« starting material \ss^N (CA Registry no, 885- 

'94:-9) «ee Hoizer and Seiringer Journal of I LeterocycHc Chemistry 1993, 3D, 835-872. 
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For more information on starting nmterial H (G A Registry no. 

1 7 1 193-35-4} see See: Holzer and Schmid Journal, of Heterocyclic Chemistry i 995,. 32, 
1 341-1349. 



SG 2 C 
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For more infomiafcbft on starting material \z»H (G A Registry No. 

74r?!.?-60-2}see Aiiti.Ila et a!. Journal of Organic Chemistry 2004V 69, 5S78--SS87. 



EtG 2 e — // 




N 




) 

I J 



Starting material 



Et0 2 C 



aq. UOH 



R~B,CH S 



I 





/ft 




N 



MeQ. 



N 



anfiyd HP 




N 



Ci 




can be symhesized from the following reaction: 



CA Registry no. 37622-90-5 ff^H 

IQ CT ^ , see 

AntilSa et al. Journal of Organic Chemistry 2004, 69, SS7S-S5S7 for more infom^tian. 
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aq. UGH 



hd>o 




Starting materia; 



EtOjC — <f S 





N 



can be synthesized irorn the following reaction: 



.CHO 

CHO HN ^ 



CA Registry no. 103394-79-2 



E10 2 C- 



7 f 
N 




^H 2 . See Schuler 

et at Arehives JnterBational.es e Phamtacodynamic ei de Therapie I960, 128, 43 1-468 tar 
more iii&rmation. 



10 
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El0 2 G- 



aq. UOH 





HG 2 C— ^ ^ 



R 55 H, GH 3 



MeO* 



anhyd. RF 



CI 



Starting material caa be^synthesized in the following manner; 




Cr N 



N 



N 




B0 2 0 




f 5 ^ 



5 — fl M 




R 




■NT N 



See Antilla et al< Journal of Organic Chemistry 2004, 69*. 5578-55$? for mare 
InfbraiatioTL 



k I 




R 




aq. UOH 




Starting material ear* he synthesized in lite 'foil owing manner: 



SOS 
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See Aatilla et ai Journal of Organic Chemistry 2004, 69, 557.S-5587 for more 
information, 




R 



aq. DON 



HO* 



// N N 



X) 



H0 2 C— <f I 

-N aohyd HP 



R-HCH 3 




Starting materia! can be '.synthesized in the following maimer; 



N 



or n 



■+• EtCbC 



EtO s C 




N 



10 See: Antilla et a!. Journal of Organic Chemistry 2004, 69, 557S-5587 lor more 
intbmmlifM. 
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aq UOH 




H0 7 O 



HG 2 C- 






Startmg material can be synthesized m tbe.fbUow.mg maimer: 



OHO 
/ ^ 




NH 2 



EtD 2 C~ 





aq, UGH 



H0 2 0 



L u 



HO g C 




MeO- 



anhyd. HP 
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lor more infomiatidn on starling material NT 5 * 1 ' (GA Registry no. 

2055-52-9) see H.msgen. et aL Chmiisehe Beri elite 1 965, 9& ? 40 1 4-402 1 and FitOocm et 
aL Journal of Organic Chemistry 1996, 61 , 1363-1368, 



r 



i 





Ho 2 C"~<f r 



. anyd Hr 




er 



UeQ 2 C 



For more information on starting material 




(CA Registry No. 



23947-1 4-0} see MmssgenetaL Tetrahedron Letters 1969, 30, 2589-2594. 
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aq; UOH 



HOgO 




snyd. HP 




Starting material can be synthesized in the folio wing manner: 




For more Inibrmation regarding C A Registry bo, 10296-29-4 see PyaU et&L Australian 
Journal of Chemistry 1996, 49, 761-765, 
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MSO2C 



aq.UOH 





R - H. CH 3 



See Uafebe and Beenaerts TBraliedron 1989, 45 , 749-756, The starting ; material can be 
obtained, using the folio wing reaction: 




MeOgC 



N3 




acf. UOH 




HD£ ° VN anhydHF 



r : =h.ch$. 




10 See Hinsgen, et aL Tetrahedron Letters 1969, 30, 2589-2594. 

The following reaction can be used to obtain the starting material: 
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J 




N 




aa UGH 



HO2C 



hi* 




J H 



For inlbmiation regarding the starting material 




(GA Registry no. 



512:777-87-6) see Japrfj et & Journal of J leterocyclk Chemistry 2005, 42, 1167*1 1 73, 
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See Msgsn et at Tetrahedron Letters 1969, 30, 2589-2594. 
The starting material can be obtained by the following reaction: 



5 




General method for the preparation of 1 ,2,4-oxadiaxole containing ketone derivatives: 

10 



SIS 




In this schema, HATO is O-^T-Az^bmzotria^oIe-l -ylj-N, N,NW^ 
5 hexatuorophosphate (CA liegistry no, 148893- 1 0-1), IMSCNis M^SiCN (1617-24-9) 
and Dess-Maitin is Periodinane (CA Registry no, 87413-09-0),. Also see Lee ei a! Biorg, 
Med, Chem. Lett, 2006, 1 6 y 4036-4040. 

Other meM syntheses are found in Nazare et al Angew, .Chcm; int. Bet 2004, 43, 
4526 -4528 and patent pablicatioivW()9303022 (including the syntheses described in 
10 examples 1-42.8)- 



Labels 

IS I t . will be recognized that the eompouiids of this invention can exist in xonm in whi ch one 
isotope of a pmtiaslar atoin.maybe replaced with a different isotope of thai same atom, 
For example^ 'liydrogetf* may be *H, :2 k or 5 H; "carbon" may be U C ? I3 C, or |4 G: 



516 



WO 2008/019357 PCT/US2007/075332 

"nitrogen" ns&y be i4 N or -N; "mygen" may be U ' 0 5 * 7 0 or ^G; mid the like. It will be 
recognised that the eompotmds of this invention can exist inradiolaheled fonit, Le>, the 
compounds may contain one or more atoms containing an atomic mass; or mass slumber 
different from the aioniie mass or mass number usually found in nature. Radioisotopes of 
5 hydrogen, carbon, phosphorous, fluorine, iodine and chlorine include *Hy i4 C> 3> S. ; ■ F 5 
^ 5 I, and **Ct ? respectively. Compounds that contain those radioisotopes and/or 
oilier radioisotopes of other atoms are within the scope of this invention. Tritiated, ie. 
A H, m& carbon- !4 3 i .e., 1 4 C, radioisotopes are particularly preferred for their ease in. 
preparation and deteotaMIity. Radiolabeled compounds described herein and prodrugs 
10 thereof can generally be prepared by methods well known to those skilled in the art. 
Conveniently, such radiolabeled compounds can be prepared hy carrying out the 
procedures disclosed in the Examples and Schemes by substituting a readily available 
radiolabeled reagent for a non-radiolaheled reagent. 

IS The labels caii be primary labels (where the label comprises an element which is detected 
directly) or secondary labels (where the detected label binds to a primary label, e.g., as is 
common in immunological labeimg). An introduction to 1abeis f labeling procedures and 
detection of label s- /is found in Introduction (2d ed .) Polafc and 

Van Moorden,, Springer Vertag, MY. (1997) and in Handbook of Fluores cein: Probes and 

20 Rggearch Ch emicals , Haogland ( 1 996), a combined handbook and catalogue published by 
Molecular Probes, Incv. Eugene, Oreg. Prim ary and second ary label s can foci ode 
undetected elements as well as detected elements. Useful primary and secondary labels 
in the present in vention can include spectral labels, which include fluorescent labels such 
as fluorescent dyes (e,g.^ fluorescein and derivatives such as fluorescein isothiocyanate 

2.5 (FITCi) and Oregon Green m r rhodaniine and derivatives (e,g. ? Texas red, 

tetramethylrhodamine isothiocyaii ate (TRITC), etc.), /digoxigenfo, hioiin, ph woerythrin, 
AMCA, CyDyes 1M and the like), radiolabels (including those described above), enzymes 
(e.g., horseradish peroxida^ey alkaline pliosphatase etc ) spectra! colorimetric labels soeh 
as colloidal gold or colored glass or plastic (e.g. polystyrene, polypropylene, latex, etc.) 

30 beads, The label may be coupled directly or indirectly to a, compound described herein 
according to methods well known in the art. As indicated above, a wide variety of labels 
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may be used, with the choice of label depending on .sensitivity required, ease of 
COty ugation with the compound, stability requkemeu% available instrumentation, and 
disposal pm visions, In generaL a detector which monitors a protein/lnhiMtory agent 
interaction is adapted to -the particular label which is used. Typical detectors. Include 
5 spectrophotameters, photomhes aiid photodiodes, microscopes, scintillation counters, 
cameras, film and the like, as well as combinations thereof Examples of suitable 
detectors are widely available from a variety of commercial sources known to persons of 
skill, 

10 N onliraitmg examples of labels include, those which irtiifee. i ) cheiBitoiixiescenee (nsing 
horseradish peroxidase or alkaline phosphatase with substrates that produce photons as 
breafcdmvo. products) with kits being available, e.g., from Molecular Probes, Amersham, 
Boehringer-Mannheim, and Life Techiiologies/Gibco BRL: 2) color production (using 
both horseradish peroxidase or alkaline phosphatase with substrates that produce a 

15 colored precipitate) (kits available from Life Teehndogies/Giheo BEL, ami Boehringer- 
Mannheim): 3) fluorescence (e»g- using Cy«5 (Amersham), Ouoreseein, and other 
SnoreseeM tags); and 4) radioactivity. Other methods for labeling and detection will be 
readily apparent to one skilled in the art, 

20 In one embodiments the label is a fluorescent label. Fluorescent labels have the 

advantage of requiring fewer precautions in handling, and being amenable to high- 
feroughput visualization techniques (optical analysis including digitization of the image 
for analysis in m integrated system comprising a computer}. Preferred labels are 
typically eharacterized by one or more of the following: high sensitivity, high stability; 

25 low background, low environmental sensitivity and high speciiidty in labeling. 
Fluorescent moieties, which are incorporated into the labels of the invention, are 
generally are known, including Texas red, digoxigenio, biotin, .1 - and 2- 
aminonaphthalene, p,p ? -diaminosti!benes ? pyrenes, quaternary phenanthridine salts, 9- 
armnoacridiries, p^p'-diaminobenzophenone imines, an&racencs> oxaearbocy anine, 

30 merocyanine, 3-ami noequilenio, peryiene, hi s-benzoxazole, his-p-oxa^olyl benzene, 1 , 2- 
benzophenazin, retinoL bis-3-aminopyridini h.ellebrigenin ? teiracycHne, 
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sterophenot hendmida&olylphenylm^ 2-qxp-3rchromeB s indok v xanthea, 7- 
hydro&woumarin, phm&xa^ine, cahcylafe y strophanthidin, porphyrias ? triaryiiB^thanes, 
flavin md many others. Many fluorescent tags are commercially available from the 
SIGMA chemical company (St Louis, MO), Molecular Probes, R&D systems 

5 (MiBBeapoiis, ;MN), Pharmacia LKB Biotechuology (Pisoataway, HX% CLONTEGH 
Laboratories, fee, (Palo Alto, CA), Chem Genes Corp., Aldricli Chemical Company 
(Milwaukee, Wl), Glen Research, Inc., G1BCO BRL Life I cctoiogies, Inc. 
(Gaitlwteg,. MD), Ftaka ChenricaBioehetiiika AiMiytifca (Fluka Chemie AG, Bmhs, 
Switzerland), and Applied Biosystems (Foster City, GA)> as well as, many other 

10 commercial sources kno wn to one of skill . 

The labels may be covalently bound to the compounds described herein by a tether group. 
The tether group can be any moiety capable of covalently linking to the compounds and 
to the labels. Preferred groups are substituted or unsusbsti toted alkylene^ aikenylene or 
15 alkynyleueof i to 10 carbon atoms, more preferably 1 to 4 carbon atoms, Particularly 
preferred groups are imsusb^titoted aikynylenes. 

METHODS FOR ASSESSING ACTIVITY IN VITRO ANI> IN WW 
20 COX RELATEO ASSAYS 

COX4 and CQX~2 Inhibition: Purified Enzvme AMaw 

The -in vitro COXA and COX-2 inhibitory activity of the compounds described herein 
25 can be measured using a test kit availah! e from Cayman Chemical (Ann Arbor, M I } . 
Because COX-l and COX-2 convert arachidonie acid to prostagiandin li!^ (PGHah one 
can assess COX inliibilory activity of a test compound, by measuring the effect of the 
compound on FGH 2 production in the presence of purified COX- 1 enzyme and in the 
presence of purified COX-2 enzyme. In this assay, the production erf POH5 can be 
30 measured by reducing PGB t to prostaglandin ¥ m (?GF la } with SnCh and then detecting 
PGF^ by enzyme ixnniunoassay (EI A) using a suitable antibody. Figure I , Figure 3 
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Figure S 5 and Figure 6 provide activity data for certain compounds tested for inhibition of 
Cox- 1 and Cox -2 using the Gox~I and Cox-2 purified, enzyme assays. 



COX-l aM CCm-a Inhibition: Human Whole Blood Assay 

5 

A human whole blood assay can also used to measure the inhibitory activity of each 
compound on. COX-1 and GGX~2> Briefly, human whole blood is drawn fern 3*6. 
healthy volunteers who have not taken 3NSAIDS the previous 2 weeks. To measure 
COX- 1 activity in whole blood, 100 pi of whole blood Is combined with a 2 jil aliquot of 

10 test compound in vehicle or vehicle alone and incubated, for 1 hour at 37 *G as described 
by Berg et al> (1999 infiamm. Res\ 48, 369-3 79), Serum, is isolated from the sample by 
centrifagation at 12 y 000g for 5 minutes at 4 °C and. then assayed for tbroinhosane B2 
(TXB2) levels using m ELISA assay (e.g., Caynian El A Kit Catalog Number 519031), 
To measure COX-2 activity in whole blood, 100 jui of heparinized whole blood is 

15 combined with a 1 |d altqadi of TO mg/mL LPS pipopolysaceharide) and a 2 pi aliquot of 
test compound in vehi cle or vehicle alone and incubated for 24 ho im at 3 7 P C as 
deseribed by Berg et aL (supra). Serum is isolated from the sample by eemri&gation at 
la.OOOg for 5 minutes at 4 °G and assayed for prostaglandin E 2 (PGE 2 ) using an EIJSA 
assay (e.g.. Cayman El A Kit, Catalog Number 514010). Figum 3 and Figure 6 provide 

20 activity data for certain compounds tested for inhibition of Cox- 1 and using the 

Cox- 1 and human whole blood assays. 

In the Cox- 1 and Cox-2 assays 1 -(4-chloix)b 

yljaoeiic aekl Cmdoixsethadn), a non-Belectiye Cox inhibitor was used as a eonteol. The 
25 Cox-2 selective Inhibitors, 4i§^ 

y3]ben^ene$ulmnamide (Ceieeoxib), 4-(5~meth}^3-pb^ 
yi}ben^enesuIionamide (valdeeexib}, and 4-[4-(metbyisulfoiiyi)pheny!]-3 
2(51 i)-one (rofeeoxib) were also used as: eonlroR 

30 mm RELATKP ASSAYS 
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FAAH Inhibition; Human Whole Ce ll Assay and Rat and Human Brain 



. Hemo&ena te Assays 

The ability of compounds to mjiibi i FA AH cm be measured m human wbole eel! and 
human and rodent brain homogeiiates as described herein, 

FAAH Rat Brain Memb rane (RBlVf) H omoge nate Prep aration 

Adult rats (Charles River CD strain, femate 200 g) are atiae^thetfeed w ith i $ofliK>ran.e ; 
and rapidly decapitated, respecti vely. Each brain. is quickly removed and chilled in tubes 
(3 brains per tube) on ice. About 25 mh of %omogcnizatlon buffer 5 * (20 mM HEPES 
buffer, pH 7.0, with 1 mM MgC! 2 ) is added to 15 to 20 g of brain. The brains are 
homogenized on ice tor .1 minute using an Omni GLH homogenizer (Omni IntemaiionaL 
Marietta^ Georgia), The hoBiogenates are transferred to thtm Centrifuge tubes and 
ccntrifuged at 36,50Og for 20 minutes at 4 °<1 The supernatant is discarded and each 
pellet is rc-suspended in 25 mL ^oimigmimtkm. buffer". The re-suspended material is 
again eentrimged (36,500g, 20 minutes at 4 °C), Pellets are combined by resuspension in 
10 mL of ^homogenization buffer" and incubated in a 37 water bath fer 15 minutes. 
The tubes are then placed on ice fox 5 minutes followed by centrifugation at 36,500g fer 
20 minutes at 4 *C The supernatant is discarded and the membrane pellets are then re- 
suspended in 40 mL of ^rmuspmmon buffer' (50 mM Tris-H.Cl. buffer^ pit 7,4, 
contMning 1 mM EDTA and 3 mM MgCfe), A Bradford Protein assay m perfonned to 
determine protein concentration. The protein is al iquotted into screw cap Cryo tubes 
each . containing - 400 jiL, flasfe frozen in liquid nitrogen and stored at - 80 **C until nsed 
for fee assay. A similar protocol can be used to obtain brain membrane honiogenates 
from mice. 

FAAH Human Brain Membrane (HEM) fto 

About 10 g of irozen normal, human brain cortex tissue is obtained (p,$^ from Analytical. 
Biological Services (AB8), inc. (Wilmington, DE)). ^Ilie brain tissue k tbawed and 
transferred to a large ceramic mortar on ice. 50 mL of ice-cold s; bomogenization buffer" 
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£20 mM Emm toife, pH 7 A with 1 mM MgCh) is added to the mortar and the tissue 
is homogenized with a pestle. The homogenate is ceo trifuged at 36,5 DOg for 20 minutes 
at 4 °C The supematants are discarded :aad the pellets are re^spesided in. 
■Iiomog^mzatkm buffer' - and eentri&ged as before. The supemMabts are again discarded 
5 and the pellets are re-suspended m 30 mL homogenixation buffer and incubated in a 37 
*C water bath for 20 minutes. The homogenate is then eenfrifeged as before. The 
supernatant is discarded and the memteane pellets are re-suspended in 30 mL 
^suspension buffet" 5 (50 mM Tris-HCI buifejvpH 7,4, containing 1 mM EDTA and 3 
mM MgCb), A Bradford Protein assay is performed to determine pmtem concentration. 
10 The protein is aliquotted into screw cap Cryo tubes each containing — 200 tiL, flmh 
frozen in liquid nitrogen and stored at -80 °C until used for the assay, 

FA A H Human Gar dnoma Cell Membrane (HCM) Hom ogenate Preparation 

Hamas breast epithelial carcinoma. MGF7 ceils are obtained fmm the American Type 
Culture Golleetion (ATGG Number HTB -22, Manassas, VA) and cultured as essentially 

15 as described hy ATCC, Briefly, cells are grown in Eaglet Minimum Essential Medium 
(ATCC catalog no. 30- 2003} supplemented with 4 mM L-giutamine. 10% final volume of 
fetai bovine serum (ATCC catalog no. 30-2020), and 0.1 mg/mL human recombinant 
insulin (Sigma, St Louis, MO), T he ceils are grown in 5% carbon dioxide in air. When 
cells reach ~SQ% conffuency : adherent celk are rinsed with Hanks Balanced Salts 

2.0 Solution (ATCC catalog no, 30-2213), scraped into suspension and eolteeted by 

eentri&gaiion in a clinical centrifuge at room temperature. Cell pellets are then washed 
by resaspension in Hanks Balanced Salts Solution followed by centri&gation. Cell 
pellets aretbenilasfo fromxin a dry ice and ethano! bath and stored at 80 *C, Cell 
pellets are thawed and 25 ml, of. hompgemzalion buffer is added Membrane 

£5 homogen&tes of MCF7 cells are then prepared as described above for rat brain 
bom ogenates. A Brad ford Protein assay is performed to determine the protein 
concentration. The protein is aliqaotted into screw cap Cryo tubes each ooMaining - 200 
|iL> flash frozen isr liquid nitrogen and stored at -80 until used for the assay. 
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FAAH activity is assayed .in the respective hamogsnates (Rat brain, Bxim&n 'brara, or 
Human breast cell carcinoma MOF7 cell) using a modification of the method of Qmeir et 
&L (1995 Life Sd 56:1999:} and Fowler et aL {19971 Pharmacol Bxp lte 283:729}. For 
5 assay of FAAH in rat brain membrane homoge*iates (RBM), RBM bomogemtcs (7 pg 
protein in 20 ^i! final volume of 1 0 mM TrispH 6.5) are mixed with 1:80 fil of a mixture 
of the following: '2,0 p$& unlabelled ananctamicie^ 0.03 uCi radiolabeled anand&raMe 
[ethmiokniixie I - Hj (40-60 Ci/tmnoL product number ART~626 > American 
Radioiahelled Cheoiioals, St horns, MO), 1 mg/tnL Bovine Semm Albmnin f tMiy acid^ 

10 free BSA, electrophoresis grade, Sigma, St Louis. MO), 1 0 mM TrisrHCi (pH 6,5), and 1 
mM EDI -A in the presence: and absence 0!" test compoimds; (vehicle is DMSO at a final 
concentration of 1%) and incubated for 10 minutes at 37 0 C, Samples ate placed on ice 
to terminate the reactions. 3 H-ethanoiaBiine product and nn-reacted ^H-auandamide 
substrate are separated by either; (1) a^ing chloro&mV methanol extraction or (2) by 

15 passing the reaction mixture through a glass fiber filter containing activated charcoal 
Samples are extracted with eWorofbrm/methanol by adding 0.4 ml of 
chloroibiiTk/rneibanoI (1 : 1 v/v) t vigorously mixing the samples* and separating the 
aqueous and org&oic phases by centri&gatioii. Radioactivity (corresponding to FAAH- 
catalysed breakdown of 3 H~anandamide> found m abquots (0.2 ml) of the aqueoxis phase 

20 is determine! by liquid :sdntillation eoimtmg with quench correction- I€>^ values are 
determined as described by Jonsson et ah (2001 Br J Pharmacol 1 33: 1263), 
Alternatively,, reactions are purified using a modification of the solid-phase extraction 
method described by Wilson et a! (2003 Anal Bioehem 318 ; 270), This method can be 
modified as follows: after reactions are incubated at 37°C for 1 0 minutes and chilled on 

25 ice, the reaction mixtures are acidified by adding H) of sodium ptesphate solution 

[(X5M (pH 2,0)], 90 ^1 aliquots of the acidified reaction mixtures are applied to activated 
.charcoal (that has been previously washed with methanol as described by Wilson et ah 
(supra)) contniniiig 80 ul of water on top of a glass fiber filter, eentriluged^ and the 
radioactivity in the el.uate is counted as described previously by Wilson et ah (supra) 

30 Figure 3 ? Figure 5, and Figures 9a, 9b, 9e and 9d provide activity data for certain 
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compounds tested for inhibition of FAAH using the FA AH rat . and human brain 
homogenate assay, The teown FAAH inMbitors, 3 -(amiliocarboi^ 
eyclohexyf carbamate (URB59-7), [ I -(4~ehIarofe 

yljacetic acid (indometh&cm) and 5-beBzoyi-2,3-dihydn> I H -pyrrolidine- 1 -earboxylic 
5 add CKetorolac) were used as controls In these assays, 

Wjtola eell an^ 

FAAH activity can he assayed in whole cells using methods disclosed previously 
10 (Maccarone et al I '998 J Biol Chem 273 : 32332 and Bisogno et ah 1 997 J Biol Chero. 

272 :3315). In addition to the cell lines described in Maccamne si aL and Bisogno cl ah, 
MCF7 {ATCC designation HTB-22) and T84 (ATCC designation GCL-248:) cell lines 
may he used In these assays, 

.15 Defj^ig^ Anandamlde Levels in Rat Plasma 

^d Brain Tigsoe- 

The effects of test compounds on endogenous and exogenously dosed anaadamide (AEA) 
levels can he measured. Rats dosed with test compound are sacrificed at various time 

20 points to determine the levels of anandamidc both circulating and within the brain tissue. 
For experiments measuring exogenous lewis of ^ptidaniide, the anandamide (Cayman 
Chemical, Ann Arbor, Ml or Sigma Chemical, St Louis* MO) is dosed (in the range of 3~ 
30 nig/kg) post dosing o f lest eomponnd. Animals are sacrificed at % 1 5, 30, or 60 
minutes after anandanride administration with anesthesia administraiion followed by 

25 decapitation. Brains are removed immediately and the plasma is recovered from the 
blood for analysis of anandamide levels. 

Flash frozen whole brain (e.g. from fat, or mouse) samples are first transferred to 
dean 50-rnL corneal tubes and the wet brain weight is recorded. Fifteen niL of 9:1 ethyl 
acetate ;hexane and 40 ng of deuferated anandanride (dSABA) are added to the brain 

30 samples. The samples are then homogenized with an Omni GLH honiogeni^er until the 
solution is a uniform slurry, and Si) rnL of water is added just prior to oompletioB. Upon 
completion of the honiogenkatkm the tubes are held on ice. The chilled tabes are then 
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vortexed and eentrifuged at 4 *0 at i500 xpm for 10 minutes. Om miilililer of the 
aqaeoos layer is sampled foruse ma Bradford assay of protein content (Bradford, MM< 
Anal Biachem. 1976, 72: 248). The ethyl acetate layer is recovered, placed in a 15-mL 
glass tube, and evaporated under nitrogen in a I'urhoVae. Once dry, samples are 
§ reconstituted in I mL of 1 :3 ( Wy) CHGI3 ;methanol and vortexed. Prepared brain samples 
are transferred to a 96- well plate for analysis by LC/MS/MS. 

Stock; standards are prepared at ,0.0, (ISO, 1,0, SJ), 1.0,0, 50.0, 100, 500, and .1000 
:ngML in .inethmioL Standards fer LC/MS/MS : are prepared with 0 J mg Fefebloa iOjiL 
of the stock standard to §0 {iL . of stock, rat plasma and vortexing, 

10 Frozen plasma: samples containing pefabloc axe thawed, md 1 00 p.L of each 

sample Is transferred to a mieroeentriiisge tube. To each standard, and sample tuhcy 20 ng 
d8AEA and 100 $L of lee cold acetone (for protein precipitation) is added. Tubes are 
vortexed, and eetttrifug^d at 1 3 ,000 rpm for at least 5 minutes. The supernatant^ are 
collected in mie^oeentri&ge tubes and the acetone is evaporated off m a T'arboVac for 5- 

15: 10 minutes. The evaporated supernatant solutions are next extracted with 250 of 1 :2 
(v/v) mei;hanol:CHCis and. cenM&ged at OJ300 rpm for at least 5 minutes. The CHCfe 
lay^r Is collected and evaporated under nitrogen (TiirboVas) until dry. Standards and 
samples are then reconstituted in 200 pL of 1 ;3 (v/v) GHClj::mMianol. Prepared 
standards and plasma samples are transferred to a plate for analysis by 

20 LG/MS/MS, Similar experiments can be performed using human plasma to which test 
compounds and exogenous anandamide is dosed or not dosed. 

The LG/MS/MS method uses a Waters 2777 sample manager,. 1 525 binary pump, 
and Quattro micro mass spectrometer. The separation is per formed on a Waters Xterra 
MS C8> 5 \m\ 2 J x 20 mm analytical LC column with a TTtetmo Electron Javelin Basic 

25 S ? 2 x 10 mm. guard column at a flow rate of 0,30 mUminntes and a 2S-f.iL injection 

volume. A binary linear gradient o f mobile phase A (10 rnM ammonium acetate in water 
(pH 9 J}) and mobile phase B (S0:20 aeotomtriIe:methanoI) is used ftom 2.0 to 2.2 
minutes from 25% to 90% B, with a total run time of 6,0 minutos per sample injection.. 
ABA and d8-AEA elute in - 3.5 minutes. The Quattro micro is operated in multiple 

30 reaction monitoring (MRM) mode with negative eiectrospray iomxMiom The mass 
transitions of 348 m/z 62 m/z (ASA) and 356 m/z ~ 62 m/z (d8-AEA) are monitored 
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using optimized colli^i on settings (determined experimentally) > Data are analyzed using 
Micromass QiianLynx. soft ware,, and stimdard owves are generated using the ratio of the 
internal standard (d8-ABA) peak area to AEA peak area in response to AEA 
coneoitraiion. AEA concentration in brain and pi asma sampl es is calculated using the 
6 linear recession of the standard curve, AEA concentration in plasma is reported as ng 
AEA/mt plasma^ and AEA concentration in brain is reported as ng AEA/g protein 
(protein content determined by the Bradford assay), 

Araehidonyl 7-amino, 4~ metfavl couniarin amide (AAMCA) ba sed FA AH activity 

10 asgav 

The ability of certain compounds described herein to inhibit' the- ability of FAAB. 
to catalyse the hydrolysis of A AMC A . (a Ouorogeni c substrate) to generate amdiidonie 
acid ami a highly fluorescent 7-amiho; 4-methyi eoitmarin (AMC) was determined asing 
essentially the assay described in Ramarao et ah 2005 Anal Biochem. 343;i43-lSL 
15 Figure 9a provides activity data for certain compounds tested in the A AMC A -assay, 

Detennination o f Exo g enous [ 3 H]anandaiyride Levels in Mouse b lood and Brain 

Tlw effects of test compounds on exogenou sly dosed [^B jatiandamide (melnding 
20 metabolites thereof) levels and localization can be measured as described in Glaser et al 
2005 J Phannaeol Exp ITier/Mov S; 2005. 

Measurement of re eM fe^ rats. 

Direct acting eannabinoid type i (CB1) receptor agonists, inciading the endo- 
25 eamrahmoid anaadatnide, have been shown to ; produce a rapid decrease in body 
temperatwe (hypothemiia) Miowing admimstration to both mice and rats. Test 
compounds can be tested in such an assay by assessing their ability to potentiate the 
hypothermic effects of intravenously (TV) dosed- anandaxni.de for example as described in 
Smith et aL (1994) Pharmacol ExpTher. 270:219-27. Briefly, mice or rats may be 
30 administered vehicle or various doses of test eompoimds, Then, following a suitable 

pretreatment time, core body temperature esn he measured and recorded using a suitably 
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sized iernperature probe inserted hi to tfeeanus and rectum. Once baseline temperature is 
recorded, mice or rate: may be admimstered an IV dose of the endo-cmma&moxd 
ariaodamide. Subsequently, core body temperature k measured and recorded at. various 
time points until it returns to at or arc imd baseline, 

5 

MAGL related assays 

Compounds can be tested for their ability to modulate (e.g. inhibit) MAGL activity using 
the assay described in Ghafouri et al, 2004 Br J Pharmacol 143:774-84, Briefly, 
cerebeila previously obtained from adult Spmgue- Dawlev rats are thawed and 

10 homogenized at 41 in sodium phosphate buffer (SQifcM, pH 8) eonimsitng 0J2M 
sucrose, Homogenaies are centri&ged at 1 00 s 000g for 60 minutes at 41 oG. The 

supematams (^cytosol fractions") are collected and the pellets are suspended hi sodium 
phosphate: buffer (50mM, pH 8) Cmenihnuie .fractioBS*}. The samples are stored frozen m 
aliquots M ~7<K>€ until used for the assay. Protein concentration is detcmrmed by using 

15 the luetliod described by Ghafburi et aL The assay can also be performed using the rat or 
human brain membrane homogenates whose preparation is described herein. Hydrolysis 
rates of or 3 1 i~2-olmy!glyeerol (2-OG v a shorter homologoe of 2- AG) are 

determined as described by Diuh et aL (2002) Proa. Natl Acad. 8ei U;S.A*,. 99, 108! 9- 
10824, Briefly, membrane or eytosol ix&edons are diluted to the appropriate assay 

20 protein concmt^ (lOmM, pH 7 2) eomaming ImM EDTA, unless 

otherwise stated. Aliquots (165 m!) are then added to glass tubes m the presence or 
absence. It) ml. of imt compound or vehiete only. Blanks contain assay buffer instead of 
homogenate solution. Substrate (25 nil, final concentration 2 m;M unless otherwise 

slated) m then added and the samples are incubated for 10 minutes at 37*G. Reactions 

25 are stopped by adding 400 fd chloroforrn:methaiiol (1/1 y/Y'% vortex mixing the tubes 
two times and placing them on ica "Hie phases are then separated by ecotri&gatioii (1 0 
minute^ 2500 xpm). Atiquots (200 ml) of the methanol/buffer phase are taken and 
measured for tritium content by liquid scintillation spectroscopy with quench correction. 
Alternatively, the ability test compounds to modulate (e<g. inhibit) K4AGL activity can be 
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determined using the assay described in Saario et at 2004 Biochern Pharmacol 67: 1381- 
7, Rat cerebellar membranes preparations as described by Saario et &L or the rat or 
human bnim membrane honiogenates whose pr^aratioiv is described . herein are tested. 

Briefly, the experiments are carried out with preincubations (SO mL ? 30 minutes M 25PC) 

5 containing 1 0 nsg membrane protein/me 44 mM tris- 

HC1 (pH 7A% 0,9 mMEDTA, 03% BSA and L25% (v/v) DMSO as a solvent for test 

compounds. The prelncubated merrihranes are kept at. OOCjust prior to the experiments. 

The iBCubations (90 mm utes at 25PG) ^re initiated by adding 40 $xL of preineubated 

membrane coektalL giving a final volume of 400 p.L> The final volume contains 5 mg 

10 membrane protein/ membrane homogenate preparation, 54 mM Tris -BG1 (pH 1A% I A 
mM EOT A, lOOmM NaCI ? 5 mMMgCb, 1 mM DTT, 0,5% BSA, and 50 mM of the 
substrate (2- AG, 1(3 )- AG, or noladin ether (an ether linked anal og of 2- AG)). At time- 
points of 0 and 90 rninutea, 100 pth samples are removed from incubation, acetonitrile 
(200 "■ jjtL) is added to stop, .the enzymatic, reaction, asid the pH of the samples is 

15 simultaneously deereased with phosphoric acid (added to aeetomtrile) to 3.0, in order to 
stabilize 2-AG against a possible post-ineubation chemicai aeyi migration . reaction to 
1(3}* AG. Samples are- cento fuged at 23,700 g for 4 nitotes at room temperature prior to 
HPLC analysis of the supemataM; The: . specific enzym e activity to wards 2- AG or 1(5)* 
AG is detennined as described. Alternatively, the terminated reactions Ikmr either the 

20 Ghafbuii et al or Saario et at protocol s can be. assayed by purification using a 

modification of the solid-phase extraction method described by Wilson et al (2003 Axial 
Bioeiiem 33 8 ; 270), 90 jut! o f th e terminated reaction mixtures arc applied to activated 
charcoal (thai has been previously washed with methanol as described by Wilson et al) 
containing 80 pi of water on top of a glass fiber filter, eentrifkged v and the radioactivity 

25 in the el uate is counted as described previously by W ilson et ¥L Inhibition of MAG L 
activity is me&siired by the fonnation of the hydrolysis product :*I ^glycerol 
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CRT 112 agonist assay 

C&TH2 agonists increase the expression of CD i I b an eosinophils , Neutrophil s do not 
express GRTH2. They do, however, express receptors for other lipid mediators, 
3 including $-0x0-6,8 J 1 ;l4-dcosaietraenoie acid (S-oxo-BTE), leukotrieiie B4 (LTB4), 
and .platelet aefw&ting .factor (PAF). therefore, any increased expression of C151 l b by 
neutrophils is likely to fee caused by an activity other than activation of GRTH2-, 
Accordingly, preferred -CKTH2 agemist compounds increase GDI lb cxpressk>B,on 
eosmopliil^ but not on neutrophils. 

10 

The potential CRTH2 agonist activity of certain compotuids was tested using a CD I lb 
expression assay using essentially the method described by Monneret et at (J Pharmacol 
Bxp. Ther 304:349-55 , 2003), and the results of this analysis are presented in Figure 2a 
Figure % and Figure 7 where the results of one or more experiments are reported. 

15 

Briefly, polymorphonuclear cells (0.5 ml; lOVml cells) in PBS containing Q;9 mM CaClj. 
and (IS mM MgCljs) were incubated with a test compound at room tempefatiire for 10 
minutes, The ineubati ons were temjMted by the addition of ice-cold FAGSFlow (BD 
Biosciences; Cat# 342003} and cenMfugaikm (400 g for 5 minutes at 4°C)< The cells 

20 were then incubated for 30 minutes at 4^C with a mixture of PE-Iabeled mouse anti- 

human VLA-4 (5 til; BD Biosciences) and F1TC -labeled mouse toti-humaxi-Cl>llb':(^ 
id; Bookman Coulter). The cells were then incubated .with Optiiyse C (0,25 mi; Beckman 
Coulter) for 15 minutes, centrifuged, and then fixed m PBS (0.4 ml: ealeitnn and 
magnesium tree) containing 1% formaldehyde* The distribiition of fluarescenee 

25 intensities among 60,000 cells was measured by flow cytometry. Eosinophils were gated 
out on the basis of their granularity (high side scatter) and labeling with VLA-4 (PE 
Suoreseenee}, CD I lb was then measured in the eosinophil region on the basis of 
0uqreseen.ee. dhe to FITC1 AH data were corrected for the value obtained for the 
corresponding isotope control antibody. 

30 
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The results presented in Figure 2 a and Figure 7 are reported m the percentage of GDI lb 
expression as compared to the i^Mmuin response generated by the posi ti ve control !SR~ 
methyl PGD 2 ((5E,9^I3E ? 1 5Rp9 3 1 5-dihydroxy-i 5-methyi-l 1 -oxoprosta-S, i 3»dief>l^ic 
acid). Compounds with greater than 30% GDI lb activity in this assay were considered 
to be CRTH2 agonists. Plgnre 3 and Figure 7 provide EC50 data for certain co.mpoimd$ 
tested using this CRTH2 assay. 

To confirm that the CDl 'Ib- expression m caused by activation of the CRTH2 receptor 
certain controls were performed. Accordingly, effect of the compounds en GDllb 
expression in neotmphiis was tested. If the earopoimd increases GDI I b expression in 
neutrophils, the mobilization in eosinophils is likely caused by an acti vity other than 
activation of the GRT1I2 receptor. In all oases tested GDI lb expression was only 
observed in eosinophils; 

The potential CRTH2 antagoni st activity of certain compounds was tested using an assay 
that tests? the ability of the compounds to block the CD ! I b expression in eosinophils by 
15-R-methyi-PGD2 mmg essentially the method described abo ve for the agonist assay 
except that the eeOs were preineubated with various .concentrations of compounds before 
they were challenged with the agonist 1 5R~MethyI~RGD2 The results of this analysis axe 
preheated In Figure 2k A CRTH2 antagonist should bioelc CD I I b expression by 
•subsequently added i S-Methyl-PCIDa, The results presented in Figure 2b are reported as 
percentage of inhibition of the maximum response generated by l5R«Meihyl-PCH3h. 
Raeiatroban {3-((3R)-3-{[(4^flvK>raphenyi)sulfo^ 

carbazol-9-y!}propanoic acid) and [ 1~( 1 s 3 -beii20thiazoi-2-ylmethy!)-S-fl 
lE4ndo!-3~yI]aeetie acid both. too wn GRTH2 antagonists were used as posHive controls 
in this assay. Compounds with 85% or greater inhibition in this assay are considered to 
be CRTH2 antagonists. The assay can be alMperforoied in the presence of human 
plasma which is added to a final concentration of 1 0% in the initial incubation with PBS 
buffer. Figure 3 and Figure 7 provide % mhihitimi of GRTH2 activity and IC-m data for 
certain compounds using this, assay. 
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Alternatively* CRTH2 antagonist activity can be determined by a calcium mobilization 
assay conducted as follows, adapted from tbe protocol described by Monueret ei al (J 
Pharmacol Exp Ther 304:349-55, 2003). Briefly, leukocytes (1:0 7 cells/ml) are treated 
5 with ffee aeelox vinethyl ester of iluo-3 (2 uM ; M ol ecnl ar Probes, Eugene* Oregon) in tine 
presence of Pluraojc F-I27 (0>Q2%; Molecular Probes) for 60 inmates at 23 *C, The 
mixture m centriihged at 200 x g for 10 minutes and the pellet resoBpended in PBS to 
give a concentration of 5 x lit cells/hit The leukocytes are treated with PCS -labeled, 
m^ustv anti-human CD16 (33 >d/l 0 6 cells; Beckroan-Coutter} for 30 minutes at 0°C. 

10 PBS (25 ml) .is added, the mixture eentrifuged as described above, and the pellet 

resuspended in PBS to give a concentration of 3x1 0° leykocyte^/nil After ineahafton at 
23°C for 30 minutes, an aliquot (0,95 ml) of the leukocyte suspension is removed and 
treated with PBS (SO p!) containing Ga^* (36 mM) and Mg* ' (20 mMl After 5 minutes, 
the cells are analyzed by flow cytometry using a FAGS Caltbar instrument (Breton- 

15 Dickinson, San Jose, CAK A total of approximateiy iff cells are counted over a period 
of 3 to 4 minntes for each sample, Fiue-3 fluorescence is measured in eosinophils, 
nenirophils, and monocytes, which are.: gated -out .an the basis of CD16 staiumg and side 
scatter. Test compounds are added 2 minutes after die start of each run. followed 2 
minutes later by I 5R-Metbyl-PG D% Maximal calcium responses are dctenmned by 

20 addition of the calcium ionophore, A23 1.87 ( 10 jiM) one minute after the addition of 

m~l RECEFTOm ASS A YS 
25 PF;^^^^^^ Antagonist Assay 

.... , . v 

H mnmi blood is collected in ciiraie vacutamer tubes. Platelets are. isolated at 1-5.&10' 
eeils/rnL in PBS; [sobutylme&ylxantliine (Sigma catalog # T5S79) is added to die 
platelets. for a final concentration of 1 mM and 300 pL of piateJets are then afiquoted into 
30 the appropriate wells of a 96- well assay plate. Samples are then incubated at 37*C for 8 
minutes. Next, 3 uL of test compound are added to the appropri at e wells of the assay 
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plate for a feal concentrati on of 10 jiM- To create a standard curve, 3 ^iL o f the 
appropriate concentration of BW-A&S8C (Cayman chemical catalog # 12060} is added to 
one row of the assay plate. The standard carve Is prepared in dimethyisuifoxide starting 
'at: 10-fiM.and dilating ten-fold ta OA nM Samples are then incubated at 37*€ for 10 
5 minutes, 3 jiL of the agonist control, BW-245C (Cayman Chemical- catalog # 12050), are 
added to each sample and the samples are incubated for 10 minutes at 37°C 
After the 10 minute ■.incubation* I ml of ice cold ethanof is added to each sample. 
Samples are spun for 1 0 minutes at 60Qxg and 4*0, 200 pL of supernatant are removed 
and diluted 1:10 in EIA buffer (provided in Cayman Chexaical '.c-AMP BiA kit-catalog # 

10 581 002), A standard curve of e AMP is also prepared in EtA buffer starling at 3000 
pmol/niL, dihrted. two-fold, to 28 pmolanL, 50 pL of diluted sample are added to the 
appropriate wells of the ELI3A 96-well plate coated with mouse anti-rabhli IgG, SO uL 
of the prepared standard curve are also transferred to the ELI'S A plate. 50 aL of cycHo 
AMP' AChE tracer, reconstituted in 6 ml of ElA buffer* are added to each sample, 

15 including the standard curve, SO pi, of cyclic AMP I5IA antiserum, reconstituted in 6 mL 
of EIA bxdlfer, are added to each sample, including the standard curve. Samples are 
incubattM at 4°C for 16-1 8 hours. After the overnight incubation* samples are. dispensed 
tern the plate, The plate is washed five times with wash toper provided m the- eydic 
AMP EIA kit 20 mL of nltrapnre water are added to the via! of Elirnan 5 s reagent 

20 provided in. the eydie AMP kit 200 pL of reconstituted Eliman's reagent are added to 
each sample welL Samples are incuhaiod for 90 minutes at room temperature while 
being protected from light. Ate 90 minutes, the sample plate is read on a ftuoremeter set 
to 412 nm mid endpoint mode* Figure 3 and Figure 8 provide the results of a DF-d 
antagonist, assay for a number of compounds. The results are presented as a percentage 

25 of the maximal- response eli died by the known antagonist B 

BP^l Receptor Agoiiist- Assay . 

Hnman blood is collected in eitr&te wentainer tubes. Platelets are isolated at 1-5 xKV 
30 ceOs/mL in PBS, Isdbuiyim^ (Sigma catalog # 1 5879) is added to the 

platelets for a final concentration of 1 mM. 300 uL of platelets are then aiiquoied into the 
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appropriate wells of a 96-well assay plate. Samples are thai incubated at .37*0 for 8 
minutes. 3 pL of test compound ot agopist control arc added to the appropriate wells of 
the assay plate for a final concentration of 10 pM, The agonist control used is B W-245C 
(Cayman Chemical catalog # 12050;}, Samples are then incubated at 37°C for 10 
5 minutes. After the 1 0 minute, incubation, I ml of ice cold etfoanol is added to each 
sample. Samples are sp un for 10 minutes at 600xg and 4 C C> 200 pL of supernatant are 
removed and diluted 1:10 m EI A buffer (provided in Caymen Chemical c-AMP EIA kit- 
catalog # 581002), A standard curve of cAMP is also prepared in EIA buffer starting at 
3000 pmol/rnL, diluted two-fold, to 28 pmol&iL. 50 pL of diluted sample are added to 

10 the appropriate wells of the E LISA 96- well plate coated with mouse and -rabbit IgG, 50 
pL of the prepared standard curve are also transferred to the EL13A plate. 50 pL of cyclic 
AM P A'ChE tracer, reconstituted in 6 mh of EIA bitfler, are added to each sample, 
including tlie standard curve. 50 pL of cyclic AMP EIA antiserum, reconstituted in 6 ml, 
of EIA buffer, are added to each sample, including, tbe standard curve. Samples are 

15 incubated at 4-C for 16-18 hours.. After the overnight incubation samples are dispensed 
from the plate. The plate is washed five times with wash buffcr provided in the cyclic ■ 
AMP EIA kit 20 ml of ultrapurc water are added to the vial of Ellinaii's reagent 
provi ded in the cyclic AMP kit, 200 pL of reconstituted Ellman-s reagent are added to 
each sample well Samples are incubated for 90 minutes at room temperature while being 

20 protected from light. After 90 minutes, the sample plate is read on a fiuoremeter set to 
412 nni arid endpoint mode. Figure 3 and Pi gore 8 provide the results of a. DP- T agonist 
assay for a number of eompo imds, The results are presented m a percentage of the 
maximal response elicited by foe known agonist BW-245C. 



25 Thromboxane A2 (TXAi) related assays 



TX% receptor binding assay 

Ranmirobau, a kmnvn . CRTH2 antagonist, is also a thromboxane A2 receptor 
antagonist. Certain eompoimds described- herein- were, tested for their ability to bind to 
30 the TXAs receptor using an' assay similar to that described in Schror et ah 1 995 

Biochemical Pharmacol 49:921-927; Purified TXA 2 receptors from human platelets (0.6 
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to 0,8 ug prolein/BiL) were thawed on ice and preincohated for I hour at 4°C in pH 7.4 or 
pH 6i> buffer The incubation mixture (200 pi final volume) consisted of HEFES (25 
mMJ 5 EDTA (2 mM) ; CHAPs buffer (10 mM Tri^HClpH 8.0/1 m.M MgCi/i mM 
BQTA/0,5% CHAPS/10%: glycerols 2-mercapio€thanoI/t mM DTI) [5 mM), 

5 asoleetni (0,5 mgfmlS), 60-80 ng purified TXAx receptor, wMcle or test compounds at 
variow concentrations, SO.OClCj^O.OOO epm [ i25 I}BOi> (I S<i a,2 p(5Z)J a{1E, 3K*%4 
a)3-743<34iyd^ [2.2;i]heptan-2-yIl-5- 
heptmoic acid; a TXA 2 mimetic) and various concentrations of 1-BOP (0,05 to 250 nM) 
and was incubated for 1 heiir at 3(fC, Assays . were perfonned in silanized (12 x 75 mm) 

10 glass tabes, The mixture was then filtered rapidly throiigh WIiaiM&ti GF/G glass-fiber 
illters, presoaked witb 03 % poiyetfeyfeniniine, TMs was followed by three additional 
washings with ice-cold HEPES (25 mMVEDTA (2 mM)/CHAP (0 J mM% The filtration 
procedure was complete -within 10 seconds* Radioactivity was counted using an LKB 
gamma-counter. Nonspecific binding was defined as the amount of radioactivity bound 

15 in the presence of 1 0 pM L 657925 (a TXA> receptor antagonist; Waiter et ai . ( 1 997) 
Prostaglandins. 54:58 ! -99}, Figure 10 provides TXAa receptor binding assay data for 
certain compounds described herein as measured, by % displacement of i-BOP binding. 
Ramatroban, a known TXAa was used as a positive control in this assay. 

20 Bleed ing time assay 




TXAt binds to the TXA^ receptor to induce platelet aggregation and hemostasia, Test 
compounds are evaluated tor their ability to modify bleeding time in an. in vivo assay. 
Test .compounds or vehicle alone are administered orally; The measurement of 
coagulation time in rats and mice is perfbnned as a terminal study under general 

25 anesthesia. Animals are anesthetized and then positioned horizontally on a platform with 
their tails taped downwards such. that, the tail is perpesidiculaf to their body and hangs 
about 2 em from the top of a platform. The distal portion of the tail is amputated with a 
seaipel The amount of b leeding from the transection is measured in erne of iimr ways: 
I) Clotting Time in Water: the tail is immersed into water or saline warmed to 37°C and 

30 the time to clotting is recorded; 2) Clotting Time in Air: Whatman filter paper is applied 
to the edge of tlie ibmiing clot every 30 seconds, taking care not to dislodge the clot; 
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Blood that continues to flow from the cut during the 30-seeond interval is allowed to fill 
on the filter paper at the saine point The amount of time until clotting Is recorded; 3) 
Volume Measurement: blood is collected in a eitrated Eppendorf tube for a deration of 
5 minutes after the transection, The total volume of whole blood wis me&siired; and 4) 
5 Ahsorhanee -Reading;" the tali Is immersed for 10 minutes in 1 niL of 0.9% NaCI warmed 
to 37 Q C , Blood loss is deiennined by measiiring the absorhanoe of saline at 560 nm md 
the result is compared to & standard curve constructed from known volumes of mouse 
blood. 

10 I>~AMIN0 A€II> OXIDASE RELATED ASSAYS 

Porcine Mdney D-amino acid oxidase (catalog # A-5222 from Sigma) and D-sexine 
(catalog #S~4250 from Sigma) was used to test the DAO inhibitory activity 1 of test 
compounds. The breakdown of D~serine by DAO produces hydrogen peroxidase, which 

15 can he measured using, for example, the AmplexC- Red Hydrogen Peropde Assay Kit 
(Catalog # A-221 88, Molecular Probes, Inc.; Eugene, QR)> A working solution was 
prepared by mixing: distilled water (733 niL) ? sodium phosphate buffer (1 mi 0.25M ; 
pi I 7,4) ? D-serine solution (1 ,0 ml 100 niM hv water}, horseradish peroxidase (0.02 ml 
100 Vhnl in buffer), and Amplex Red solution (0,05 ml 1 mg dye in 200 ill in DMS0 

20 (50 uM in DMSO}). A working enzyme solution is prepared by diluting a D-arnino acid 
oxidase stock solution (65 Wml) feur himdred fold* The working solution (99 jil) was 
transferred to wells of a Mierofluor microti ier plate and a solution of the inhibitor in 
DMSO (1 juL) is added. The working enzyme solution (20jii!) was added to each well and 
the rate of reaction (hydrogen peroxide tel eased) was. deteiinmed by measuring the 

25 oxidation, of A mplex Red by spectrophotometry, usi ng a pi ate reader (excitation 

wavelength 544 nm, emission wavelength, 590 nM) after a reaction time of 15 minutes. 
Controls were carried out using DMSO in the absence of inhibitor. A known DAO 
inhibitor, mdole-2-carhoxyiic. : aetd> was used as a control in this assay. Figure 3 5 Figaro 5 
and Figure 8 present the results of the anaiyms of certain compounds in the DAO assaw 

30 

Inhibition of horom i DAO 
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Human D-amino add oxidase extracts were prepared by harvesting HEJX293 cells either 
transiently or stably tramfected. with the human DAO done (huD AO), The stable 
fasDAO cell line wm generated by eo-txaDsfecting the huDAO g$m (Gatak>g#TCl 18941, 
Grig™, Roekvif fe MD) along with pc0NA3.l (Invitrogen, Carlsbad, GA) at a 1.00:1 
5 ratio into HBK293 cells under G4 1 8 selection. Transient huDAO transactions were 
implemented using Lipofeetamine 2000 (lnvitrogen 5 Carlsbad, CA) and following the 
manufacturers protoc^i with the HEK293 cells were seeded at 2 x 

107 cells per Tl 50 flask the day before transaction, hnDAO DNA (Catatog^TC! 1894L 
Origene, Rockvilie, MD) was transacted at 37.5 ug per flask and at a 3 :1 
10 ON A/I J pafociaxmne ratio; The DN A/Lipofectanrine mixture was incubated on the cells 
for 48 hrs before cell harvesting. Similar results were obtained with transiently vs stably 
expressed huDAO, Extracts were harvested as follows. Culture liquid was removed 
Irony flasks and replaced with Hank's Buffered Saline Solution (20 mis). The cells were 
scraped inter the Hank y s Buffer and then trmsferred to a fresh tube, Sarnptes were spun 

15 for 10 Mutes at I.OQQrpni, The supernatant was decanted and the pellet resuspeoded hi 
50 mM Tri^HCL pHO, 1 fiM FAD and 1 mM DTT > 20% glycerol (1 nit), Samples 
wetelfecn homogenized on fee for 20 seconds, Homogenates were spun down for 5 
minutes at 3, OOGipm . The supernatant s were removed and set aside, llie pellets were 
resuspended m SOmM Tris-HCL pH8.7, 1 pM FAD, 1 mM DTT and CU% o€iyi~p~D~ 

20 glueoslde, 20% glycerol (1 mL) and homogmszed on ice for 20 seconds, Momogenaies. 
were spun for 5 minutes at 3 JX)0rpm, The supematams were collected and combined 
with previously cDlleeted ^upematants lor a master stock. Extracts were ihm serially 
diluted and tested in ibe D-amiiio acid oxidase enzyme assay to detemime : activity based 
on protein concentration. Stocks were prepared accordingly, typically, for a twenty fold 

20 dilution in future assays. 

Human D-armno acid oxidase (MEK293 cells stabiy transtected with toDAG clone) and 
D-serine (catalog # S-4250 from Sigma) were used to test the DAO inhibitory activity of 
tmi compounds . The breakdown of D-serine by D AO prod uces hydrogen peroxidase, 
which can be measured using, for example, the Amplex€> Red Hydrogen Peroxide Assay 

30 Kit (Catalog # A-22188, Molecular Probes, Inc.; Eogene, OR). A working solution was 
prepared by mixing; distilled water (7.93 mL% sodium phosphate buffer (1 ml, 0. 2SM', 



536 



WO 2008/019357 PCT/US2007/075332 

pH 7,4), D~-senne solution (L0 ml 9 100 mM in water), horseradish peroxidase (0,02 ml, 
100 U/ixri in buffer), and Amp! ex Red solution 0X03 ml, 1 mg dye in 200 ul m DMSO 
(50 |tM in DMSO))* A working enzyme .solution was typically prepared by diluting a D~ 
amino acid oxidase stock solution twenty fold, The working solution (99 fd) was 

5 transferred to wells of a Mi erofi uor microliter plate and a .solution' of the inhibitor in 

DMSO (1 jiL) is added, The working eiizyme solution. (20 til) was added to each well and 
the rate of reaction (hydrogen peroxide rel eased) was determined by meanuring the 
oxidation of Aixipiex. Red by spectrophotometry , using a plate reader (excitation 
w&velsngfh $44 tm% exihssion wavelength, 590 nM) alter a reaction time of jj 5 mmub ? 

10 Controls were carried out using DMSO in the absence of inhibitor.- A known DM) 
Inhibitor, mdole^-e&rhoxyiic acid, was used as a control in this assay . Bigure 8B 
presents the results of the analysis of certain compounds in the DAD assay. 



DAP WSiate Cell Assay 1 - Toxicity 

15 Human. Domino acid oxidase (huDAO) and D-serme (catalog # S-4250 itom -Sigma) are 
xxsed to test the DAG inhibitory activity of test compounds. A stable hDAO cell line is 
generated, by oo-tratisteeting the huDAO gene (Catalog #TG 1 1 8941 , OngeHOvRockville, 
MB) along with pcONA3,I (Inviirogai, Carlsbad, CA) at a 100:1 ratio into HEK293 
cells under G41 8 selection. The intracellular breakdown of D~serme by DAO produces 

HQ hydrogen peroxide, which induces toxicity to the ceil monolayer. This tonicity is 
Measured by, for example, the Alainaf Blue'*** Reagent (Catalog # BOFOl 211 AM) 
Seroteo Ltd., KidlingtoB, Oxford, UK), Ob day 1 of the assay, the following additions 
are made, in order, to a Mack, dear bottom v tissue eidt^ plate (Conrhig 

# 3904); 2 ul mhibitor (1 ODx in 100% DMSO, or vehicle), 100 ul 70 mM D-$mm in 

25 HEK media (DMEM/1 Q%FBS} 5 100 ul huD AO cells (2 x 1 Tfe cells are 

incubated for 1 8-24 hrs at 37°C/5%C02, On day 2 of the assay, 20 ul of AfamarBlue^ 
Reagent is added to each well, and the plate is returned to the incubator for another 24 
hrs . On day 3 of the assay, the amount of cellular toxicity (induced by hydrogm peroxide 
produced by intracellular huDAG). is determined by measuring the conversion of 

30 AlamarBine reagent in a fluorescent plate reader (excitation wavelength 545 nn^ 
emission wavelength, 590 nM; @ 37°C), 
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PAQ Whole Cell Assay 2 - Atnplfex Med 

Human D-ammo acid oxidase (toDAO) and D-serine (catalog # S-4250 from Sigma) are 
used to test the DAD inhibitory activity of test compo unds , A stable huDAO eel! line is 
5 created by ■eq4ransfectiiig the huPAO gene {Catalog if TCI I $941 , Origene, Edekville, 
MD) along with p.cD.NA3 v l (fovitrogen, Carlsbad, CA) into HB.K293 cells under G41S 
selection. The intracellular breakdown of D-serine by huDAO produces hydrogen 
peroxide, which is measured by;, foi example* the Ampler® Red Hydrogen Peroxide 
Assay Kit (Catalog # A~22 X88, Molecular Probes, Inc.; Eugene-, OR). The following 

10 additions are made, in-order, to a -blacky 'clear bottom, tissue culture treated 96- well plate 
(Coming # 3904): 2 ul inhibitor ( lOOx m 100% DMSO, or vehicle), 10.0. id Detection 
Solution (30 mM D-serine;20 uM Amplex Red, 0.05 U/ml HRP in . Hanks Balanced Salt 
Solution/20niM HEFES 7,4), and 100 u! huDAO cells (6 x 1 0 5 /ml> The mitaeelkikir 
huDAO activity is proportional to the rate of hydrogen peroxide pmdueed by the cell s 

15 and is determined by measuring the conversion of Amplex Red in a fluorescent plate 
reader (excitation wavelength 544 tub, iiBissioii-waveieiigtl^ 590 nM) at 37 e G over a 60 
min kinetic rea^i. 

Detection of famfoo acids in serum and urine 

.20 Serum and .urine samples are obtained and immediately frozen in a 80°C freezer 

before analysis. Serum and urine levels of D-amlno acids (aspartate, glntamai^ glycine, 
□^serine, L-serine) are determined by preeoluinn derivatization with N-iert -butyioxy- 
earhonyl-L-cyeteine and o-phthaldialdehyde (Hashimoto et a t J Chromatogr (1 992) 
52:325-53) coupled with a mobile phase gradient of methanol and 100 mmol/L/pH 7,2 

25 sodium acetate, and reverse phase CA 8 column for high-pressure Kqoid chromatography 
separation with fluorescent detection at excitation wavelength of 433 nmand emission 
wavelength of 344 m The absolute concentrations of amino acids are detennined by 
computer analysis. (Maxim 820* Waters, M A) of peak hei ght with internal and external 
standards. D-anaino acid levels (e.g/D~serin&) can be determined in : the presence and 

SO absence of test compound. 

Detection of D-amino acids in brain and plasma 
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Brain and plasma samples are obtained and immediately fozen in a -S0°C freezer 
before analysis. Amino adds were extracted from plasma using a protein precipitation 
procedure wMle brains were homogenized under acidic conditions, Levels of 13-ammo 
acids (serine, alanine, leucine and proline) are determined by precoluron deri validation 
5 with Marfey's reagent (Plunra-diinte^ (Bema MJ, and 

Aokerm&mi B.L, (2006) J Chmmatogr B; doi: 10, 1 016/j.jchTomb.2006.08 029} coupled 
with a mobile phase gradient of 15 mM ammonium acetate in a combination of water, 
methanol and acetonitriie on a reverse phase CMS column for high -press ure liquid 
chromatography separation with mass spectrometry detection in the negative single ion 
10 reaction mode, lite absolute concentrations of ammo acids are determined by computer 
peak area ratio with internal standards, D-amino acid levels (e.g, .D^serine) can be 
determined in .the presence and absence of test compound. 

D-serine and D-propargylglycme have been associated with nephrotoxicity and induce 
one or mare of glneosuri a, . aminoaeiduri a, proteinuria, and polyuria. Compounds which 
inhibit DAG activity may also control the production of toxic metabolites of D-amino 
acid oxidation (e.g, D-serine) such as hydrogen peroxide and ammonia. Hydrogen 
peroxide and concomitantly produced oxygen radicals may lead to nephrotoxicity . 
Compounds described herein can be evaluated for dieir ability to attennate the 
nephrotoxicity associated with D-serine or D-propafgylgiycine administration m rats as 
described in Williams and Lock 2005 lexicology: 207:35-48 and Maekawa et al. 2005 
Chem Res Toxicol 18; 1 678-1 6S2 k 

To measure the affinity of tlse compaunds reported herem for D-$erioe s s binding 
site on the NM.DA. receptor (also known as the "Glycine site" or the ^strychnine > 
insensitive glycine site"), a radioligand-binding assay is performed with membranes 
prepared from rat cerebral cortex. The radioactive ligand is {^MJMBL t Q5 :> 5 1 9 .'((E)-3-{2.)* 
30 pheny3-2~earboxyethcnyl^ a known 

glycine site antagonist The amoun t of radioactivity displaced by the compounds is 

339 
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assessed by scmtiSiation counting. Non-specific binding is accounted &f in the presence 
of 1 MM Glycine. Affinities are calculated from the values of % inhibition of specific 
f*H]MDLl 05,519 binding by the test compounds. Indole-2-carboxySie acid is used as a 
positive control. Hie assay is commercially available at MDS Phanna Services (catalog 
5 bo. 2329 Wh 

CvsLT? related Assays 

R&dioligaiid Binding Assay 

10 Compounds described herein can be evaluated for their ability to bind to the human 
oysteinyl (CysLT£) receptor in a receptor (radioligand binding} assay (MDS pbarma 
services, worldwide, including Taiwan, catalog # 250480), fefbnnation regarding the 
assay and the reagents used therein are described in Heiseet ah (2000) J Biol Chem. 
275:30531 and Nothacker et al (2000) Mol PharniaeoL 58: 1601 . 

15 

Calcium response mod tdation assay 

The following, as described in Letter et ai (Arterioseler Thromb Vase Biol - 
2003 Volume: 23(3) p< 1343), can be performed in order to assess calcium- response to 
potential qystemyt lexikoinesie reeepior modulatdr coinpoiin# in endothelial ceils and 

20 inacroph ages. Monocytes are be purified. from peripheral blood mononuclear cells by 
adherence or GDI 4 mierobe&d adsorption and maintained at 1x10° cells/mL for 5 to 9 
days in EFMI-1 640 medium pirn 20% autologous human serum, HO VECs (lutinan 
umbilical vein endothelial cells) are cultured (as described in Kuszkowski et at, JBwI 
Chem, 2001; 276: 14212 "14221} and used at passages 1 to 2. HU VECs or maerophages 

25 are loaded with fora 2- AM at 4 ^mol/L> and changes in calcium ions in the presence or 

absence of test compound or vehicle is expressed as excitation ratios of 340 nn v3W mn at 
510 m For single-cell measurements, cells may foe loaded with 2 pmoi/L fluo 4-AM. 
Responses may be recorded on a mieroseope (Axiovert 2G0M) equipped witii a eonibeal 
laser scanning head (LSM5 10), 

30 

Assays tor Assessing Aiifiaoeleeption. Mechanism 
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CotTipounds e&n he tested to detcmiine if they influence pathways involved in 
nociception. The resul Is of such assay s can he used to investigate the mcchanistn by 
which a lest compound mediates its antinociceptive effect. In addition to the I*AAH 
related assays, the following methods can be used to assess the mechanism by which a 
5 test compound mediates its antinociceptive effect. 

Elevation of3a3a-THP 

3a-hydroxy-5a-prcgan-20-OBe (3a,5d-THP or allopregsianolone) is a pregnane steroid 
that acts mm agonist of the inhibitory G AB A A receptor subtype and is known to have 
both anxiolytic and analgesic effects in. a variety of animal systems, with supporti ve 

10 evidence for a similar role in humans. Thus* compounds that elevate 3a ? 5a-TMP may 
have an antinociceptive effect. The level of 3fX ? 5a-THP in the brain of animals treated 
with a test oompoond cm be measured . as • described by YanDoren et al (1M2 J 
NeurpscieBce 20:200) as follows. Briefly, steroids are extracted from ii^dividual cerebral 
cortical hemispheres dissected in ice-cold saline after euthanasia, Cortices are frozen at - 

15 80 *C until use . Samples are digested in 03 N NaOfI by mm cation and ex tracted three 
limes in 3 ml allqnots of 10% (v/v) ethyl acetate in heptane. The aliquots are combined 
and diluted with 4 mL of heptane, llie extraets are applied to solid phase silica columns 
(Burdlek & Jackson, Muskegon. Ml), washed with pentane, and steroids of similar 
polarity to 3a,5a-THP are eluted off of the eolnmn by the addition of 25% (v/v-) acetone 

20 in pettt&ne* l^he el uant is then dried under N2 and steroids are redissolved hi 20% (v/v) 
isopropanoi RIA buffer (0.1 M NaH 2 P0 4v 0,9 M NaCL 0,1% w/v BSA ? pH 7,0). 
ExtraetioB efficiency is determined in 50 pi of the redissolved extract by liquid, 
scintijlation spectroscopy and the remaining sample is used. in the detcmnnation of 
3a,5a-THP by radioinimunoassay . Reconstituted sample extracts ( 7 5 gl) and Sa.Sa-THP 

25 standards (5-40,000 pg in 6.25% v/v ethanol, 3 1 % v/v isopropyl alcohol m MA h offer) 
are assayed in duplicate by the addition of 725 pi of RIA ho tier, 100 id of [ ^H]3%5a- 
THP (20,000 dpm) ? and 100 ul of anti-SavSa-TiiP antibody. Total hinding is detettnmed 
in the absence of unlabeled 3« 5 5(^THP, and nonspecific binding is detennined in the 
absence of antibody. The antibody-hinding reaction is allowed to eqeihbrate £>r 120 

30 minutes at room temperature and is terminated by cooling the mixture to 4 °C> Bound 
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3a ? 5a~THP is separated &®m u&boimd 3a,5a-THP by incubation with 300 ul of cold 
deximn coated charcoal (DCO; 0.04% dextran, 0,4% powdered charcoal in double- 
distilled IfoQ) for 20 minutes, DCC is removed by centrifuga&m at 2000 x g for 10 
minutes. Bound radfoaetivity in the supernatant is determined by ■ liquid seintiilaCian 
spectroscopy. Sample values are compared, to a coBCorrontly run 3a v 5a-THP st&udard 
curve and corrected for extraction efficiency . 

Cai mabinoid Receptor Binding and functional activity assays 

Compounds may exert an antinociceptive effect via binding to either or both of 
■the cannabmoid receptors CB 3 and CBy which are G-protem coupled receptors (GPCRs) 
that hind the endogenous €^dpcaanabiii6ids v immtiamide .(AEA) and 2-arachMonyI 
glycerol (2~AG) and modulate a variety of physiological responses such as tody 
temperature, pain, blood, pressure, and intestinal motility, SR 141 71 6 A (Rmianabant) is a 
selective CB1 antagonist and is the being developed for the treatment of obesity. CBt is 
expressed in the brain (Matsuda et ah 1990 Nature 346:561), and CB 2 . is expressed by 
macrophages and in the spleen (Musiro et aL 1993 Nature 365:61). Both of these 
receptors have been implicated in mediating analgesic effects through binding of agonists 
(see, for example, Clayton et al, 2002 Pain 96:253), Thus, test compounds can be 
assayed to determine whether they bind to one or both human cannahlnoid receptors, 
Gann&hinoM receptor activity ean be assessed in a number of way s including binding or 
functional assays. Examples of such assays are outlined below. An assay for OB * 
binding Is described by Matsuda et ah (supra)' litis assay employs reoorobmam cells 
expressing CB], Binding to GB2 can he determined in the same manner using 
recombinant cells expressing CB : >. Briefly, to measure the ability of a test compo tmd to 

bind to GB'u the binding of a labelled GB * hgand, e^ [%j\VIN 55212-2 (2 nM lor CBj 
and 0,8 nM for GB 2 ) to m^nhnmes isolated from HEK.-293 cells expressing recombinant 
C&i is measured in the presence and absence of a test compound. Nonspecific binding 
is separately determined in the presenee of several-fold excess of uniabelled WIN 55212- 
2 (5 pM for CBi and 10 uM for €Bh)> The specific ligand. binding to the receptors is 
defined as the difference between the total binding and the non-specific binding 
determined in the presence of an excess of nnlabelled WIN 35212-2, The IC^o values and 
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Hi!! coefficients are deientthied by non-linear regression analysis of the competition 
curves using Hill equation curve fitting. The inhibition constants .(Kj) are calculated from 
the Cheng Pmsoff equation (Kf ::; IC^O^UKp)}, where L = concentration of 
radioligand in the assay, and K D ~ affinity of the radioligand for the- receptor) , 

5 Compounds can be evaluated for their ability to bind to the .human CB1 and CB2 

receptors iii a radioligand binding assay such as thai provided by MPS Fhamia Services 
(worldwide inqiuding Taiwan, catalog nos. 217G20 and 217100). These assays are 
similar to -those described by Rinaldi-Carmona ct al (J PhaiSBacoJ Exp Ther (2004) 
3 10:905-14) and Booaboola et aL (J Biol Chem, (1 995) 270: 1 3973-80). 

10 A binding assay is described as fellows. HmMn CBi (hCBl) and CB2 (hCB2) 

eON As are clon ed into a vector optimised for expression of recombinant proteins in 
Chinese Hamster Ovary (CHCj) cells. Plasmids are transfceted into CHO cells by a 
precipitation method- CHO cells are trypmned 48 hours after transfection and selected at 
a density of 5 x Hf cells/ dish into euiture medium (minimum essential meifranv 

15 glatamine medium, heat-inactivaied dialyzed fetal calf serum (10%) ¥ . genmmidn (20 
mg/l) r L-proHne (40 mg/l), pyruvate sodium (0;5 mM) ? and ami-Picbia pasiorfe lysyl 
oxidase agsnt (I%)) v After 10 days, surviving clones are recovered and cultivated in the 
same medium containing Fungizone (0/1%), Cells are used between the third and 22nd 
passages. Membranes axe isolated from transacted CHO cells expressing either hCBl or 

20 ICB2 by washing twice with pbospfaaie-buflered saline (PBS), scraped into SO mM Tris- 
HCI ? pH 7 J (toiler A), crushed in a Poiytron for I minute at 7000 rpm/mmirtes, then 
centrifuged for 15 minutes at I lOOg at 4°C The supernatant is ccntri&ged for 1 hour at 
1 05 ? 00()g. "flie pellet is resuspendod in buffer A and protein concentration measured. 
Membranes are stored at ~%Q°C until use. Alternatively, membranes containing CB I or 

26 GB2 are prepared from the brain or the spleen of rats killed by decapitation. The brain 
(without the cerebellum) and the spleen are removed and homopmsed for 30 seconds at. 
4*0 in buffer A. (SO mM Tris-HCi pH7.4) in a Poiytron for 30 seconds at 7000 
rpm/minute then centrifuged for 1 0 minutes at ! 1 0Og, The supernatant is eentrifoged for 
30 rainntes at 45*000g v The pdkt is resuspended in buffer A and protein concentration 

30 measured. Membranes are stored at -80°G until use. Binding assays are performed by 
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•mculmling -ni^BbraHes • ( 1 Chi. 00 u g) at 30 0 C with - the eaimaMnoid. receptor agonist* [3H1- 
CP 55,940 .{0.2 nM) in I ml of buffer A for 1 hour. A rapid filtration ieeimique using 
Wbatman GF/C filters (pretre&ted with 0:5% (w/v) poiyethytemniine; Whatman, Clifton, 
NJX. and a 48-wel! filtration apparatus (Brandei Inc., Gaithershurg, MD) is used, to 
5 harvest and rinse labeled menibranes (3 tiroes with 5 ml of cold buffer A cosiiaining 

0.25% bo vine serum albumin). The radioactivity bound to the filters, is counted with 4 ml 
of biofluor liquid scintillMt Nonspecific binding is detemiined. in the presence of 
unlabeled 1 |iM CP 55,940. For selectivity studies, brnditig assays are carried out using 
standard protocol s, 

.10 CB 1./CB2 Prmeilonaf assays* 

Fictional assays which moni tor the G-protein coupled receptor or downstream 
cellular responses can be used to diaracterize potential agonist or antagonist activities of 
Qompounds of interest at the GB 1 and GB2 receptors. Direct activation (or inhibi tion of 
activation) can be monitored using a GTPyS assay. Such assays have been described in 
15 the scientific literature and are commercially available for both CB! and CB2 (MDS 

Pharma Services; worldwide, including Tai wan, catalog nos. 306000 and 306050). These 
assays are similar to those described by Gonsiorek et al (Mol Pharmacol (2000) 57:1045- 
50) and Breivogel et al (J Biol Cheat (1998) 273: 16865-73). 

A GTPyS assay can be perforated as follows, CHO-K! cells are transfected with 
20 plasmida expressing either GBt or CB2. Ttamfeetion can be achieved using a variety of 
means Including ealciuBi phosphate transfeetion and llpofecmmirie 2000 (invitrogen) 
according. to: the -.manufacturer's instructions, Transfected eells are harvested at 75% 
confluence with cell dissociation buffer according to the manufiicturer ! s instructions (Life 
Technologies), Cells are collected by eentrilhgation and used immediately or stored at 
25 80*tX Gel! pellets are resuspended ar*d in cuhated on ice for 30 minutes 1ft 

homogenkation buffer (10 mM Tris-HCl, 5 rnM EOTA ? and 3 mM fjGTA^pH 7.6) 
supplemented with I mM phenylmetlwlsulfonyl fluoride (PMSF) as a protease and 
amidase inhibitor. Cells are then homogenized with 20 strokes at 900 tptn with a, Pounce 
homogeuizer with stirrer type RZRi poiylron hooiogenizer (Cafrarno,. Wiarton, Ontario, 
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Canada), Intact calls and nuclei are removed by low-speed cenfrifugalian (500g for 5 
minutes ai 4°C), Membranes in the supeniataiit at :e pelleted by ''cehtrifagatioti at lOO^OOOg 
for 30 minutes at 4°C and then resuspended in gly-gly biiirer (20 mM glyeylglycine* I 
mM Mg€% and 250 mM sucrose, pH 7.2) and stored at 80°G, Protein determinations ars 
5 performed wilh the Bradford method. 3 % GTPyS binding assays are perlhnned by 
incubating ce.O membranes (1-7 jj.g/pomt> in triplicate) in the presence or absence of 
various eooipDundsibr 30 miniites at 3Q Q C in OTP S :: binding: btilfer |2D mM HEJ?ES> 100 
mM nm, 5 mM MgC12, and 0.2% (wfv) BSA (Factor V, lipid tree), pH 7.4) 
supplemented with I to 5 \xM GDP. The reaction is earned oat in 9S~we:U. mleroplales in 

10 a final volume of 100 p3 with 0,3 bM [ 35 S]GTP S (specific activity » 1250 Gi/nimo!; 
MEN , Boston, MA), The reaction is terminated by rapid filtration of the membranes 
through the iiiifemlll^tioii plates coated with 0:5% polyethyleiiimme (Uni Filter GP/C 
filter plate; Packard, Merideny CT). with a Tomtek 96~well cell harvester (Hamden, CT). 
The filters are washed 1 0 times at room temperature with 20 mM HEPES and 10 mM 

IS sodium pyrophosphate. Membrane-bound [ S j.GTP S radioactivity is measured by liquid 
scintillation with a TopCouni NXT mierdplaie -scintiltation and luminescence counter 
(Packard), Nonlinear regression analysis of the data can be performed with Prism 2,0b 
(QrapbPad ? San Diego* OA), 

Activation of the CB. 1 receptor also affects cell proliferation. CB 1 agonists are 
20 characterised by iiihibiiioti of eelfular proliferation of a breast cancer cell line (MCF-7), 
This has been described by Bxsogno et a! (Biochem J (2000) 3.5 1:8 1 7), De Petrocellis et 
ai (Proc Nai Acad Sei USA (1998) 95:8375-80), and Melek et al (Endocrinology (2000) 
pll8~120> -Briefly, cell proliferation; assays are carried out with MCF-7 edk fefi-wcli 
dishes, ooniaimng subconfltient cells . (at a density of about 50,000 eells&vell), Test 
25 substances are introduced 3 hours after cell seeding and then daily at each change of 

medium. Cells are treated with trypsin and counted by a hemoeytometer 4 days after the 
addition of test substances. No significant decrease in cell viability (as assessed by trypan 
blue) is observed with tip to. 100 ■ jaM of the GB1 agonist, anandaroide Substances are 
added 3 hours after cell seeding (50,000 cel3s/weil)> After 72 hours, cells are treated with 
30 trypsin and emmted by a heinocytoiTieter, Antagonist activity can he assessed by 
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characterizing th&ahility of a Msi compound to inhibit the aiiti-pix>Hferaliv^ effects of a 
known CB I agonist such as miand&mkie. 



MEASUREMENT OF FHARMACOKIHETIG PARAMETERS 

5 To detenuine the various pharmacokinetic parameters, plasma samples from animals 
dosed with a test compound are collected mid anal ymd h y LCJ MS . Briefly, samples are 
prepaid by protein precipitation with methanol. The supematents from the precipitation 
are coO ected and; evaporated to dryness, The dry samples are resuspendsd in the initial 
flow conditions for the H.PLC- A 1 0 uL sample volume is injected onto lliermo 

10 Electron Hynpersil GOLD 2.1x50 analytical columrt, The compounds ari? eluted from the 
column with a short gradient and detected by an Applied Biosysteois Seiex (Toronto, 
Ontario) API 4000 mass. Comcemtralions arc determined by relative response to m 
internal standard and calculated based on a standard concentrati on curve of the test 
compound, Sdex Analyst Software is used to quantify the samples based on a set of 

15 prepared standards and QCs, A concentration versus time plot is generated from the data 
in WinNonLm (Pharsight, Corp., Mountain View, CA) to generate FK curves and PK 
parameters Ibr each componnd. AUC^ (Area Under the Curve, : .a » length, of experiment 
in hours), oral bioavailability (F*) is calculated. using the equation: F ^ (AUC m ^ / 
AUC;v^(Dnseiv/Dose« mj ) k C m ^ and 1W axe determined by visual inspection of fee oral 

20 concentration carve, C^a* & the maximum concentration of the test compound 

circulating in the blood through the duration of the experiment reported at time, T (W 
The temiinal 3ialf-life v t i^ is calculated using at least two data points on the IV curve 
representing the elimination phase. Thus, the t m is calculated by inserting the slope ($) 
of the line generated by plotting the natural log of the test compound couceairation versus 

25 time (during the elimination phase) into the equation t i& — 0.693/11 The volume of 

distribution (Vd) is calculated usingilie equation Vd = Cis/p (CIs « systemic clearance p 
- slope from t x/2 equation). Gk are deterniined by dividing the absolute dose by the 
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Animal Models Fm Assessing Antl-I inflammatory Activity 

Any of a variety of animal models can be used to test the compou nds for their 
effectiveness in reducing inflammation and treating pain. Useful eompounds can exhibit 
5 effectiveness in reducing inflammation drpaftv in one or more animal models 

Carmge^ pad edema .model 

The model is described,, for. example, by Winter et ai (1962 Pme Sac Exp Biol Med 
11 1 :544) and car* be used to assess effects of test compounds on analgesia -and/or 
inflammation. Briefly, animals (e,g, rats or mice) are given an oral treatment with up -to 

10 three doses of a. test compound, indomethacin or celecoxjb, or a control vehicle (1% 
methyloellulose in deionized water). Thirty minutes to an hour after the last treatment 
paw edema Is induced by iiyeeiing 0J-0.15 mL of a 2 % carrageens solution into the 
left bmdpaWv The left hindpaw volume of each rat is measured using a plediysmometer 
before;- oral treatment and at 3 hours alter the injection of carrageenan. The edema 

15 volume of each animal at each time point is expressed as die change from the volume at 
the time of oral treatment and the anti-inflammatory effect in treated groups is expressed 
as % inhibition compared to the vehicle only group 3 tours after the earrageen&n 
injection. The significance of the differenee between in edema different groups is 
assessed by a one-way analysis -of variance (AN OVA) followed by the non-paired 

20 Dunnelt ft&st In this mode!, hyperalgesia response and .POEfe production can also be 
measored (Ehang et ah 1997 J Pharmacol and Exp Thetap 283 :1069). 

Complete Freund' s adjuvant (CP A ) induced arthritis mode! 

In this model arthritis is induced in groups of eight Lewis deri ved male rats weighing 160 
± 10 g by injecting a well-ground suspension of killed Mycolntct^rhm ^^rc^^fs (03 
25 mg in Qj mL of light mineral oil; Complete Fmund's Adjuvant CFA) into the suhplani&r 
region of the right hind paw on Day 1 . Hind paw volumes are measured by water 
displacement on Days; 0,. 1 and 5 (right lipid paw, with CFA) 7 and on Days 0> 14 and 18 
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(left hind paw, wiihont €FA)- rats are weighed cm Days 0 and 18, Test compounds, 
dissolved or suspended in 2% Tween 8tU are prepared fresh dally and administered orally 
twice daily for 5 consecuti ve days (Day 1 through Day 5) hegirming one hour before 
. Inj ectioii of CF/V,. For CFA-injeeted vehicle control rats, the increase in paw whiiiie on 
5 Day 5 relative to Day i (Acute Phase of infl ammation} i$ generally between 0.7 and 03 
mL; and, that on Day 1$ relative to day 14 (Delayed Phase of inflammation) is generally 
between 0.2 and 0.4 ml. Thus, an^^ this model may be denoted 

by values calculated during the Ac^te Phase as well as the Delayed Phase. Animals are 
also weighed on Day 0 and Day 18; GFA-injeeted vehicle control animals generally gain 

10 between 40 to 60 g body weight over this time period, A 3 G percent or more reduction in 
paw volume relative- to vehicle treated control's is considered of significant antf- 
infianimatpry . activity. The mean £ S EM for each treatment group is determined and a 
Dimnett test is applied for comparison between vehicle and treated groups. Differences 
are considered significant at P<0.QS, Polyarthritis of fore paw, tail nose and ear can he 

IS scored visually and noted on the first day and final day, wherein positive (^} sign Is for 
swelling xespome and negative (-) sigii is normal X-ray radiographies of the Mndpaws 
can also be per&nned tor further radiological index, determination of arthritic s>rapiom$< 
Hyperalgesia, can also be measured in this roodeL allowing detemiinadon of analgesic 
effects of test compound s (Beriorelli et ah 1999 Bnt Joum Pharmacol 128:1252). 

20 Air-pouch model 

: l%is mode! is described by Masfexer et ah (1 994 Froe NM AcadSci USA 91:3228). 
Briefly, male Lewis rats (175-200 g y Harlan Sprague-Dawky) are sufoeutaneously 
injected with 20 ml of sterile air into the intrase&pular area of the back to create air 
cavities. An additional ! Q mL of air is injected into the cavity every 3 days to keep the 
25 space open. Seven days after the initial air injection, 2 mL of a I % solution of 

carrageenan dissolved in sterile saline is injected direedy into the pouch to produce an 
I ntl amTnatory response. In treated and untreated animal s the vol ume of ex udate is 
measured and the mmiher of leukocytes present in the exudate is determined by Wright- 
Giemaa staining, in addition, PGEiand 6-keto-PGFi a are detemwred. in . the pouch 
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exudates- •from treated and untreated animals by specific ELI S As (Cayman Ghenueals, 
Ann Arbor, MI). 



Aftimat MMeb for Assessing A*s algesic Activity 

5 This model is described by Hargreaves et al. (1988 Pain 32:77), Briefly,. 

inflammation Is Induced by subplantar injection of a 2% earmgeenan mxspeimoii (ill- 
(X 15 ml) into the right hindpaw. Three hours later, the nociceptive threshold is evaluated 
using a thermal nocicepti ve st te ulation {pl antar test). A light beam (44% of the maximal 
intensity) is ibeused beneath the hindpaw and the thermal nociceptive threshold is 

10 evaluated by the pa w flick reaction latency (cut-off time: 30 seconds). The baseline pain 
threshold Is measured in the right Mndpaw^ prior to oral treatment with the test compound 
or a control line results caa. be expressed as the nociceptive threshold in seconds (see) 
fbr each hindpaw and the percentage of variation of the nedeoptiw threshold . (mean ± 
SEM) for each animal from the mean value of the vehi cle group . A comparison of the 

15 nociceptive threshold of the paw before and after carrageen an injection in the vehicle- 
treated group is performed using a Student's t test, a statistically significant difference is 
considered for P< 0,05, Statistical significance between the treated groups and the 
vehicle group is determined by a Dunnetf s test using the residual variance after a one- 
way analysis of variance (P< 0i>5) using Graphpad Software. 

20 

FhenvlhenzogninDne-indviced writM ng model 

This model is described by Siegmund et al (1957 'Prtic Sac EjcpBw Med 95:729}.. 
Briefly, one hour after oral dosing with a test compound, morphine or vehicle, (K02% 
phenylbe^zoquitiorte (PBQ) solution (12,5 niL/fcg) is injected by intraperitoneal route 
25 into the iiiause> The number of stretches and writhlngs arc recorded from the 5th to the 
10th minutes after PBQ iniection, and can also be counted between the 3 5 m and 4lf- 
minutes and between the 60 ilj and 65* minutes, to provide a kinetic assessment. The 
results are expressed as. the number of stretches and writhings (mean ± SEM) and the 
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percentage of vari ation of the nociceptive threshold ealeisiated from the mean value of the 
vehicle-treated group. The statistical significance of any differences between, the treated 
groups and the control group is determined by a Dunnett's test using the residual variance 
after a one-way analysis of variance (P< 0v05) using SigmaStai Software, 

5 Kaolin-induced arthritis model. 

This mode! is described by Heriz et ah (1980 Axzneim Forsch . 30: 1 549} and can be used 
to assess effects on both analgesia and mflainmation. Briefly, arthritis is induced by 
injection of OA mb of kaolin suspension into the knee joint of the right hind leg of a rat. 
Test compounds are administered subcutaneously after IS minutes and again after two 

10 hours. Reference compounds can be administered orally or subcutaneousl y f Gait is 

assessed every boor from 1 ,5 hours to 5; 5 hours after treatment and is scored as follows: 
normal gait (0), mild disability (i)-intermittentraising of paw (2), and elevated pw (3). 
Results are expressed as the mean gait score (mean £ SEM) calculated from individual 
values at each time point and the percentage of variation of the mean score calculated 

15 from the mean value of the vehi cle-treated group at .4.5 h ours and 5*5 ho urs after 

treatment. The statistical significance of differences between the treated groups and the 
vehicle-treated group is determined by a Dunnetf s test using the residual variance after a 
one-way aaaiysis of variance (P< 0.05} at each time point. 

P eripheral Mo noneuropath y Model 

20 This model is described by Bennett et ah (1MB Pain 33:87) and can be used to assess 

anti-hyperalgesic eftect of an orally administered test compound in a: model of peripheral 
mononeumpathy The effect of the test substance can be compared to a no treatment 
control or reference substance, e g,, morphine. Peripheral mononeuropathy i s induced by 
loose ligation of the sciatic nerve in anaesthetized male Sprague Dawley rats 

25 (pentobarbital.; 45 mg/kg by intraperitoneal route). Fourteen days later, the nociceptive 
threshold is evaluated using -a mechani cal nocicepdve stimulation (anaigesimeter paw 
pressure test; Ugo Basile, Italy), The test and reference compounds and the vehicle are 
orally adininistered (10 inT/kg carried 1% methylceHulose)- Increasing pressure is 
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applied to the hmdpaw of the animal until the, nociceptive reaction., (vocalisation or paw 
withdrawal) is reached. The pain threshold (grams of contact pressure) is measured in 
ipsilater&I (inured) md in contralateral (non injured) Mndpaws, 60 minutes after 
treatment. The results are expressed as; the nociceptive threshold (mean sfc SEM) in 
5 grams of contact pressure for the injured paw and for the non-iii|ured paw (vehicle- 
treated group) md the percentage of variation the nociceptive threshold ealeulated from 
the mean value of the vehicle-treated group, A comparison of the nociceptive threshold 
between the non injured paw and the injured paw of the vehicle-treated group is 
perfonned using a Stud ent 's i test The statistical signi ficance of the dlfeenee b etween 
!Q the treated groups and the vehicle group is determined for the injured U ndp&w by a 

Duimetfs test using the residual variance after a one-way analysis of variance (P<0,Q5) 
using SigmaS tat Software (SigmaStat^ v, 2.0,3 (SPSS Science Software, Erkrath 
GmbH)). 

15 Complete protocol details can be found in Rakieten et ah (1963 Cancer Chemother Rep 
.29:91). Briefly, diabetes is induced % intraperitoneal iirjection of streptOKotochv in. rats. 
Three weeks later, the nociceptive threshold is measured using the paw pressure test to 
assess hyperalgesia. 'lest compound or controls are administered intraperitoneaOy 30 
minutes prior to pain measurement , 

20 Acetic Acid Writhing. Test 

Briefly, a test compound is administered orally one hour before intraperitoiieal injection 
•of acetic acid (0 .5%, 10 mL/kg) in rats . Reduction in the - number of writhes by 50 
percent or more (>50) per group of animds ohserved during the 5 to 1 1 minutes period 
after acetic acid administration, relative to a vehicle treated control group, indicates 
25 possible analgesic activity. This assay is based on thai described in.inoue, IC ct ah (19# ! 
Arzndm, Forseh/Drug Res, 41; 235), 

Fomialm test 
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Complete protocol details can be fbmKim Hwiskaar et aL (1985 Netirmei Me tk 14:69), 
Briefly, 30 minutes after intraperitoneal admimstrali on of a test compound or a con trol, 
20 jrl of a 5% ibnnaim solution is injected by subplaxri&r route into the right hindpaw of 
the rat, Hiodpaw licking time is recorded daring the early phase md the later phase after 
5 formalin liyeciion. 

Tall. Msk Test 

Complete protocol details can l>e found in D'Amour and Smith (1941 I Pharmacol Exp 
Iner. 72:74) , Briefly., 3 0 minutes after intraperi toneal admi?dslration of a test compound 
or a control, a light beam is focused onto the tail of the rat. The nocicepti ve reaction 
10 latency, chatiicterized by tail withdrawal, is recorded, The cutoff time is set to 15 
seconds. 

In this test the tail of the rat i s immersed into a 50-60*0 water bath. The noci ceptive 
reaction latency, characterised by tail withdrawal is measured (Hanbrieh et at 1990 J 
15 Pharmacol Exp Tker 255:311 and Licbimaii et a!, 2004 Pain 109:319). 

Complete protocol details can be found in Eddy et aL (1 950 J Pharmacol Exp. The?, 
98:121 ). Briefly, 30 minutes after intraperitoneal administration of a test compound or a 
ecmtrpl, the moose is placed on a metallic hot plate maintained at S2°C.. Hie nociceptive 
20 reaction latency, characterised by a licking reflex of the iorepaws or by a j umping off the 
hot plate i s recorded. The cat-off time is set to 3 0 seconds. 

Animal Models for Assessing Anxiolytic Activity 

Compounds thai modulate FA AH activity, and thus fatty acid amide levels, may also 
have anxiolytic activity, Ammai models to assess anxiolytic activity include: 

25 Ele vated Pips Maze 
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The elevated plus . niaze consist of tour . m am. . #rm s that origi n ate txom a cen tra), platform, 
effective! y fomiing n pirn sign shape as described, in van Qaaien and Steckier (2000 
Beh&vmtfral 8min Research 1 15:95). The maze cot be made of pl exiglass and is 
generally elevated . Two of the tna&e tons are unwalled (open) and two are wal led 
5 (closed), The two open arms axe well lit and the two enclosed amis are dark {Cra wley 
2 000 H%ai*s 'Wrong With My Mouse ?; BekmtiorarPkem}^ 

Knockout Mice, Wi!ey-.Liss y Hew York). The test is premised on the. .naturalistic conflict 
between the tendency of an anuria! to explore a. novel environment and the aversive 
properties of. a brightly lit, open area (Fellow et al 1 985 X l^uroscienm ^Methods, 
10 14:149). 

Complete protocol details can: be found in Pedorova et aL (2601 Z Pharm, Exp. liter. 
299: 332'}., Briefly, following administration of test compound or control, an animal is 
placed iBdividoally on the central platform, facing one of the open amis apposite to the 

15 observer, The number of open and closed wm entries, and the time spent in the different 
compartments of the maze by the animal (centra! platform, open and closed arms) is 
scored (as described in Gaaleri et. ah (supra)). An arm visit is recorded when an animal 
oiov.es: all few paws into the arm as . .described in Simonin et al . ( 1 998 UMBO J. 17: 886) , 
Behavior is scored by an observer and/or via a video camera over a S-nihmtes test 

20 session, A greater amount of time spent or entries made by the animal in the open versus 
the closed arms i s an indicator of anxiolytic activity. 

Elevated Zero Maze 

The elevated zero maze is a modifcation of the elevated plus mam The elevated ^ero 
maze consists of a plexiglass apparatus in die shape of a circle (i.e., a circular runway of 

25 46. em diameter and 5,5 cm runway width) with two open and two wall -enclosed sectors 
of equal mm. It is elevated up to a meter above the ground. This apparatus is simil ar to 
that described in Shepherd et ah, (1994 Psychopharmacoiagy, 116, 56), but scaled 
appropriately for mice. 

Complete protocol details can be ftmnd in Rathuria et al (2003 Naiure Medicine 

3D 9:76% Briefly, following intraperitoneal administration of test compound or control, and 
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an appropriate preiteatment iim% an animal is placed on one open sector in front of an 
enclosed sector. Time in a new sector is recorded as entry with ail four paws. Behavior 
will be scored by an observer anchor via a video camera over a S-nimntes test session, A 
greater amount of time spent or entries made by the animal in the open versus the walled 
5 sector is an mdicaior of anxiolytic activity, 

Animal Models Related to Allergic Response 

Any of a variety of animal models can 'be used to test the compounds for their 
effectiveness in .reducing allergic and inflammatory activity. Useful compounds can 
exhibit effectiveness m reducing ..allergic response and inflarnmaiion in one or more 
10 mmnalmodefcs 



SvstenHC Eosinophilia 

The model is described, for example, by Shichijo etaL (2003 J, Pharmacol. Exp. liter, 
307; 5 19-5.20). Briefly, seven week old male Brown Norway or : Wisiar rats axe 
15 intravenously inj ected with 2 50-3 DO jug/tat of 1 3 , 1 4-diliydro- 15 -keto-prostagiaitdiii D? 
{DK-PGD?}, a ORTH2 agouist (dissol ved in etharjol and PBS), or ibe corresponding 
volume of solvent Rats are pretreated with or without intravenously iryected 3-30 mg/kg 
Ramatxoba^ 

propionic acid], a (dissolved m NaOH, pH~ 

20 neutralized by HC! addition, and dosed in a 10% Cremophor solution). Peripheral blood 
is . collected, at 0, L 2, 3, 4 and 5 hours postinfection for blood smears. Follovvmg blood 
collection, amraals are euthanized by complete bleeding and the femoral head and 
condoles are removed from the left femur. Total while blood cells are counted. 
Differential cell counts are performed on blood smears stained with May-Gmemvald*s 
25 and Giemsa's solution based on standard morphologic and histological criteria. 

In auction of Contact Hypersensitivity 

En" this model, Induction of contact hypersensi tivi ty (CBS) is created as described by 
Takeshi ta ct ah (2004. Int.. Immunol 1 6(7} ; 94 7-5 9). On days 0 and 1, female BaJh/c 
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mice 5 7-8 weeks of age are painted onto the shaved abdominal skin with 400^1 of 03% 
fluorescein isothiocyanate (FITG) dissolved m aeetone:dibm^ DBP), Six 

days later, mice are challenged fey application of : 20jxl. of 0,5% F1TC m DS P onto both 
sides of the right ear. The solvent control (DBF) is applied to the left ear. Challenge- 
5 induced increases hi ear thickness are measured by an engineer ■ s micrometer at 0, 24, 48 
and 72 hours postrchallenge. The CHS response is determined by clmllenge-iiidueed 
increases in ear thiefcmss, CHS response - [(right ear iiiiekriess post challenge- Ml ear 
thickness post challenge) - (right ear thickness pre challenge - left ear thickness pre 
challenge)] , 

10 To determine the presence of leukocyte infiltration, ears and back skins are fixed for 30 
hours in sdnc fixative at room temperature and embedded in paraffin for histological and 
imnmnohistoehemieal evaluaticm.. For assessment of eosinophil peroxidase activity 
(EPO)j skin sections are homogenized in 1 ml of ice cold buffer (0.05 M Tris-B.Ci p:H 8.0 
containing 0< 1 % Triton X- 100). The tissue samples are eentrifhged at 10,000 g for 20 

15 minutes at 4° C and supem&ta&ts are collected fbr measurement of EFO activity. In a 96 
well miemtlter plate, the substrate solution (100fd of 1 OmM o-pheniymedianiine in 0,05 
hi Trts-HGI and 4mM H^Oj^-is added to the 20-fold diluted, hornogenale in birffe 
(100j.il). The reaction mixture is incubated at room teinperature for 1 tear before the 
reaction is stopped by the addition of lOOpi of 2M sulfuric acid. Hie microliter plate is 

20 measured for ahsorbanm 

I^^^-Blue Test 

Complete protocol details can he found in Takesliita et aL (2004, int. Immtmol 
16(7): 947-39). Briefly, female Balb/e mice, 7 weeks of age are injected at two locations 
inlradermally on their shaved backs wiih increasing concentrations of CU - 10 p;g/$ite of 
25 DKrPGJSa, This is followed by an intravenous injection of 0,25ml of saline containing 
1 .25 mg of Evan's blue dye. Four hours post-dye iryeotion ? mice arc? euthan^ed and the 
back skin is collected, Edema severity is assessed by measuring the density of the 
esrrav&sated dye. Effects of phaniiacoiogical iBhibition of the inflammatory reaction to 
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will a&o be assessed by treatment .with. CRTH2 antagonists, such as 
Ramatrohan* 

OyalabmBin-facfaged Airway Cell Proliferation and faflammadoii 

Complete protocol details can be found, in Byaott et al (2003. L Pharm&eoL 
5 Ther, 304:22-29), Briefly, Brown Norway rats are sensitized on days 1 ? 2> and 3 with 
intraperitoneal (lp<) injections, of Img ovalbumin (OVA) md IQOrng Al(01!)j m I ml 
0.9% NaCI saline. They are then exposed to either 0.9% "NaGl saline or 1 % OVA aerosol 
every 3rd day (days (x 9, & 12) for 30 minutes, 2 mg/kg dexameihasone is used as a 
positive control and is dosed h$>< once a day on days 4, .5, 6, 9, & 12. Vehicle (15% p- 

10 eyolodexlrins hi DMS.O) and test compounds are dosed orally twice a day on days 5-1.2; 
On challenge days, all animals are treated I hour prior to OVA allergen exposure and, if 
required -. for twice: a day treatment, -4-8 hours after allergen closure. Samples are 
collected 24 hoars ate the last OVA challenge. For sample collection, rats are 
anaesthetized by administration of lOrog/kg xylazine ai^d 60mg/kg ketamine 

15 intraperitoneal! y. Once the rats were fully anesthetized, blood is collected for serum via 
the retfo-othital route. The rats subsequently .peribsed by injeeting 30raL PBS 
through the right ventricle of the heart after the abdominal aorta is severed. A 
tracheostomy is then performed and hronehoaiveoiar lavage fluid (B A L) is collected 
through five 5mL rinses using Hack's Balanced Salt Solution, which was kept on ice. 

20 Airway • intlatnmatory cell aeemiiulation and proliferation of ceils are measured through 
the SAL fluid collection and subsequent cell counts. Cytospin slides are prepared and 
eosinophil % are deterrnioed by counting ^400 cells per slide, The test eotnpotmds are 
dosed at 5 mg/kg twice daily . Activity is scored based on the ability of the test 
compound to prevent ovalbumin-indueed eosinophil induction (as detennined by 

25 percentage of eosinophils in B AL. fluid), 

Qvalbumiii- induced Airway In fl ammation in S ensitised Brown N orway Rats 

The assay assesses the effect of test eotnpoimds on cellular recruitment into the limg alter 
antigen challenge in the sensitised Brown Norway rat The model is a slightly modified 
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protocol based on that disclosed in Underwoad et aL 2002 British Journal of 
Pharmacology 137: 263 -275. Briefly, male Brown Norway rats (200-225g s froni Harlan) 
are be sensitised on days 0 ? 14 and 21 with ovalbumin (lOOiig/rM, ip.) adnuiHsteml with 
Alum*** (20mg/mta3iroiniiHn hydroxide and 20nag/rat magnesium feydroxide, LpJ. Rats 
5 are challenged with inhaled ovalbumin (10 30 minutes) or saline aerosol on day 23 , 
Vehicle (5 nil/kg) or test compound (I or 10 mg/kg 5 Sml/kg) are dosed orally 16 and 1 
hOi*r(s) before and I and 6 hours after antigen challenge. Budesonide (3 mg/kg) is 
included m a positive control and dosed at the same time points ; End point 
measurements are as follows: one hour after the challenge the rats have PenH levels 
10 monitored for 5 hoers to assess late asthmatic reaction. 

Cellular burden and iuflanniiaiory status are assessed. Twenty-four hours after 
ovalbumin challenge rats .are euthamsed with m overdose of pentabarhitone i.p, A 
heparinised blood sample is taken a . cardiac puncture and the resulting plasma kepi 
frozen, Bronchoalveoiar lavage (BAL) is carried out (2 x 3 ml RPM! media. 30 seconds 

15 each). Immediately after BAL 5 the left lobe is removed, perfused with RPMI to remove 
the blood pool of cells and 300 mg of lung is chopped and stored in RPMI / FCS {fetal 
calf serum) containing penicillin/stTeptoxnyein. The remaining perfused, chopped king 
tissue is flash frozen and stored at ~80°C< The remaining lung lobes are insirffiated with 
foniialin to a pressure of 20 nirnHg, the lungs tied off and stored in fbitnalin until 

20 required. 

The 300 mg of tissue undergoes collagenase digestion and the cells are reco vered 
(For method see Underwood et aL, (1997) Br, J> Phami., 122, 439-446), Total cell counts 
recovered from the airway lumen and lung tissue are quantified using a Sysmex cell 
counter. Differential cell counts (200 cells counted which comprise eosinophils, 
25 neutrophils, tymphomononuelear cells expressed as percentage and absolute cell counts) 
of cells recovered from the airway tanen and lung tissue are made by light mi croscopy 
from eytocentrifuge preparations stained with Wright-Giemsa stain. Remaining BAL 
samples are spun down and supernatant retained at 20°C, 
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Male. Swiss Webster mice are used in a model of Sephadex iitduccd^PulBionary 
EosinophiUa In briel test groups receive vehicle, test eompotmd (10 mg/kg) or positi ve 
eoiitroL teamethasone (0,5 mg/kg), by oral gavage, twice per day (p.o i? bJxi) at a 
5 dosing volume of 1 0 ml/kg. on days - 1 > 0. i and once, 4 hours pre- sacrifice, on day 2, On 
day 0 ? test groups are each Intravenously administered 3mg/kg Sephadex beads G~l 00- 
1 20 (Signia) at a dosing volume of 5nil/kg or no Sephadex. On day 2, four hours post 
vehicle/test coiBpotm&^exm animals are euthanized by 

mhalalion of CO2 and subsequently undergo histopathologic and lavage evaluation of 

10 lungs for severity of eosinophilic infiltrate in peribronchiolar locations. Broiiehotilveolar 
lavage fluid is collected by flushing the lung via the trachea 3 limes with I ml aliquots of 
eold saline, and then the lungs are harvested by filling with formalin and allowed fixation 
a minimum of 3 day. White blood cell counts are prepared from lavage iluids. In 
addition, lavage fluids are immediately prepared for eytospin and eel! differential counts 

15 performed, Cyiospm slides are stained with a Wrights-Giemsa slain. Whole lung sections, 
are stained with Hematoxylin and eosin stain for morphometry evaluation. . of -severity of 
inflammatory ceil infiltrate in peribronchiolar locations around Sephadex beads. Three 
sections (initial and 2 steps at 100 jrm intervals) are preparediram : e&eh aininai for 
analysis of area or diameter of Inflammation around 5-8 Sephadex beads/mouse. 

20 Morphometric digital ixnagmg analysis is performed to score inflammation. A. similar 
experimental protocol ean be performed using Lewis rats with the modification that 
animals are euthanized on day L 

Mouse Model of Aller&ie Airwa ys Disease Usin g the Flexi Vent S ystem 

25 

In ibis mode!, animals in groups of 10 (8-10 wk old male BALB/c tniee) are used to 
assess allergic airway disease, Mice are quarantined for 1 4 days. On days 0 (tire first 
day following the end of the 14 day quarantine) and day % experimental animals are 
immunized by intraperitoneal (ip-„) imeotion with a mixture of ovalbumin (OV A; 1 0 fig) 
30 md aluminum hydroxide (Atom; 2 mg) in sterile water. A second group of animals is 
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ixrtm trailed with sterile water only and serves, as a nonimni onized {-negative) control On. 
days 13, 14* 1.5* and 16, dexanieihasone (positive control)/ test compound or vehicle only 
Is delivered by oral, gavage (all at 10 mg/kg and a dosing volume of 1C3 ml/kg) twice a 
day. Animals are exposed to 'ovalbumin on days 14 and 15. Ovalbumin exposures are 
5 generated by aerosolizing 1 % heaC-aggregated o valbumin (chicken egg, grade V; Sigma, 
St. Louis, MO), diluted witfe filtered air, and then delivered to the exposure chambers for 
3 horns (H2000, Hazelton Systems). The total mass concentration of o valbumixi is 
determined by gravimetric analysis of filter samples taken every hour during exposure. 
The target mass concentration of ovalbumin is 4 mg/iB^ Chamber teitrperatures are 
10 irmintainedi at 26 ± 2°C and lights on a 12 hour on/off cycle. Animals are given food 

(Teklad™ eertified rodent diet (Harlan Tekiad, Madison, Wl)), atj tibiwm except during 
the 3 how exposure period. Water is available ad libitum throughout the duration of the 
study. 

On day 17, animals are anesthetized and tested for pulmonary function (response 

15 to methaeholme challenge) by forced oscillation techniques (FicxiVeni), Airway 

hyperrespomiveness (AHK) to increasing concentrations of aerosolized inethaeholine 
(MCli) is measured using a FlexiVent analyzer (SC1REQ, Montreal, Canada}, Briefly, 
each mouse is anesthetized with Avertin (250 mg/kg: 0.02 ml/g; 1.2% (w/v) sohition of 
2 9 2 ,2 trifemnioethanol in 0,8% tert-amyl eth&nol (2 methyl, 2 buianol}} ip, and placed on 

20 a healing pad, ITie neck for is shaved and a small superficial incision made in the skin 
above the trachea. Alter the lobes of the salivary gland are separated, a small incision is 
made in the trachea, and (he trachea is eanrmlated with a blimt-end 20 gauge needle hub. 
The cannula k secured by suture thread and the skin is pilled hack and secared by 
eyanoaerylate adhesive. Ventilation is performed through the cannula by positive 

25 pressure maneuvers on the Flexivent apparatus. Once on . the ventilator, pancuronium, 

f paralytic, 0*5 mg/kg) is administered hp. Heart rate is monitored via a Grass Instraments 
Recorder w/Taehograph, Changes in heart rate greater than 50 bpm from baseline require 
supplementing the anesthesia (Avertin, ip)> Addi tional doses of A vertin are given at a 
dose of ! 00 mg/kg and the animal* s heart rate is monitored, for at least 60 sec to 

3 0 determine if additional doses are needed. After baseline nieasnrenients of resistance and 
compliance, increasing doses of meihachoime (Mch; 3 ; <k 12, 25 ; 50 mg/hii nebulizer) are 
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deli vered via aerosol and resistance and compliatice are measured, Airway resistance is 
calculated lor each concentration of xneihaehdiuie and the average j- SEM is plotted for 
all treatment groups, Changes in pulmonary resistance (Le, ? Mch dose-response curves) 
are assessed- by repeated measures two way analysis of variance (AMOV A) with 
5 Boriferroni posMesL All other statistical comparisons are made using ANOVA with the 
Diiimeits multiple coxnpaxison test. A vahie of p<O.0S is considered sipiifieant 
Following AMR measurements^ blood in collected and saved for further 
evalualion. The animals are theil eu with a lethal dose of a 

pe^tobarhital-based euthanasia solution . Bronchoaf veolar lavage (BAL) cells are 

10 obtained from ?.. unirn als per experimental or control gro ap by inserting a catheter into the 
trachea and iavaging the lung 3 times with 0J ml of PBS (wi1hput.c^^i^.i^Qtide : ^d 
magnesium chloride) , Total BAL cells are detemdned using a hemacytometer, BAL 
ceils are spun onto slides by cytoceiitrifligatiOTj and stained with a modified Wright- 
Giemsa stain. Four hundred ceils are counted md the perceiitage of specific cell types 

15 determined for each animal. The first lavage fluid sample (after eentrifugation) is frozen 
separately for irtture cytokine analysis. The whole lung is snap frozen dry for future 
analyses. 

Throe amnxais from each group which are not subjected to BAL are used for 
histopathologic analysis and ha ve their lungs instilled via the trachea with 10% buffered 

20 formalin, removed and fixed in the same solution. Generally, three specimens per 

tTcatment, each cc>nsistmg;of multiple axial . sections of limg, are examined. All sections 
are stained with aleian biue-M&E, Lesions are graded on a subjective basis. Lesions are 
graded as minimal, mild, moderate, and. marked (coiTesponding to severity scores of 1,2, 
3 5 and 4 respectively) and given a distribution designation of either fecal, locally 

25 extensive, multifocal, multifocal, and coalescing, or diffuse (corresponding to distribution 
scores of L 2, 3 5 4 and 5, respectively). The product of the severity and distribution 
scores is averaged for each treatment group, 

Pggggigl^^ nophilie Airway Inflammation 
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Complete protocol details cm be found in Shiraishi et al (2004. J f Pharmacol If ten 
epub as DGI:19: I / 24/jpeL 1 04, 0 7821 2), Briefly, Browti Norway rate are intravwiously 
injected with rat interieukin~5 or PBS, one hour prior to intratracheal administration of 
prostanoid receptor agonists. These agonists can include fee folio wing; PGDi* two 
5 CRTH^^pecific agonists, DK-FGDj, 1 5R-methyi PGD^ and 11 ~deoxy-4 l-methyiene~I 5- 
ketd-PGD;> (MK-PGDa), a DP receptor-specific agonist BW 245C, a thromboxane Az 
receptor {TP)-speeitie agonist, -BOP and Indomefhaoki. In some experiments, an orally 
delivered CRTH2/FP antagonist, Ramatroto^ an iniravendusly ddiver^d. DP antagonist,. 
B W A868C5 or an intravenously delivered TP antagonist are administered two hours 

10 prior to administration of agonists. Rats are euthanized at 2, 8 and 24 lioxirs post-agonist 
administration. Inflammatory coll accumulation in the trachea and lungs is recovered \iy 
bronchoal vcolar lavage for cell counts and longs are evaluated by histological 
examination. In a separate experiment rats receive intravenous injection of 1L-5 (Ck2 
ng/kg) or PBS one hour prior to iiitTatraobfeal adi^inisitatidn of PGD? (100 

15 nmolea'animal} or vehicle, A peripheral blood sample is eoUeeted hourly post-dose of 
IL~ 5 for hematological evaluation. 

Murine All end e I nfl ammation 



Complete protocol details are deserifeed in Figitani etah (2002 L Immunol 168:443-449) 
and Maisaoka et af (2000, Science 287: 20J3~2QI 7). Briefly, transgenic and wildlype 
20 mice arc OTiBUui^cd with 10 jig ovalbumin (OVA) in 0.2 ml aluminum hydroxide (Aiurn) 
on days © and 14, On day 21 , the mice are exposed to aerosolized OVA (SOmg^rnl In 
sterile saline) lor 20 minutes, On days 1 and 3 post-OVA challenge, mice are euthanized, 
brottehoalveolar lavaged, and the lavage fluid is assessed by diferential cell counting. 



In this model, described, for example, by Arimxira ct at (2001 X .Pharmacol* Titer, 
298:41 -1-419) guinea pigs are sensitized to OVA twice by inhalation of an aerosol 
solution of 1 % OVA for 10 minutes. At 7 days after the seeded .sensifeattdn, the 
animals are anesthetized and aitiSeMl^ veMilated. through a tracheal cannula using a 
30 respirator. Another glass cannulais inserted into the nasopharynx from the side of the 




Alio 




Rhinitis in Anesthetized Rodents 



25 
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larynx, and a fixed amount of air is.. eontinuonsty insufflated into the nasal easily via the 
nasal cantmia i^Ing another respirator, insufflation ptemsre is monitored by a pressure 
transducer ceraiecisdtq the side &ot of the nasal cannula as an indication of intranasal 
pressure. Nasal antigen challenge is perfbxmed by generating m aerosol of 3% OVA 
5 between the nasal cannula and the animal respirator for 3 minutes using an ultrasonic 
nebulfeer, and then the intranasal pressure is measured for 30 minutes , Nasal, secretion 
and the nose are collected ibr &tlher evaluation, 

A hiphasic anergic riiinitis model in conscious guinea pip is also felly described m 
10 Arinmra el al (2001 X Pharmacol Ihen 298:41 1-419}, 

Allergic Coni uneti vitis Model 

Complete proto.eol details are descnhed in Aximttra et al (2001 PharmamL 7 her. 

15 298:411-419}. Briefly, a 2,5% OVA. solution is applied topically to both eyes (10 id/eye} 
of conscious guinea pigs that have been sensitised m described in the ^Allergic Rhinitis 
Model in Ancstheti zed Rodents" protocol above. Immediately tblle wing OVA 
application; Evan's blue dye (20 mg/kg i, v.) is injected as a marker of plasma exudation. 
The amount of Evan's bine extravasated in the eonfunctiva and eyelid for 30 minutes is 

20. quantified, independently, histamine 0.001 %, PG&> 0.01 %, or a eonibination of the two 
are applied to the eyes of nonsensitized guinea pigs, and dye exudation is determined . 

D etermination of lBterIeukin-13 Levels in Bronebiai Alveo lar Lavage Fluid 

A commercially available ELISA kit (Biosonree. Catalog # KRC01 32} is used to 
25 determine the effects of compounds on the Interie^n-l'3.XII^13)Jev€sis- of bronchial 
alveolar lavage fluid (BALF) taken from rats that have undergone certain allergen 
induced (e.g. ovalbumin, aephadex, prostaglandin D?) airway ceil proliferation and 
inflammation. 

After collection, BALF samples are concentrated 5-Md wife Mieroeon YM~3 
3.0 eenM&gal devices (Miliipore, Catalog #42404) and stored at -BifC until use, A 500 

pg/aiL standard stock is prepared by reeonstituting the IL-1 3 standard provided in the kit 
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•with the. amount of vSt&ndar d. diluent specified on. the standard vial A standard corve is 
then prepared ' by • serially the standard stock do wn to 7 .8 pg/mL< 50 pL of each point of 
the standard curve and 50 pL of concentrated B ALP sample are added to the ELISA 
plate. Added to these samples is ISO pL of anti-rat XL~1 i biotin. mn^ugam. The plate is 
5 then incubated at room temperature for 2 hows. The plate is thai washed 4 times with 
wash buffer mid 100 [iL of 1 streptavidin-peroxidase is added to all wells. The samples 
are then incubated at room temperature for 30 minutes. Again, the plate is washed 4 times 
with wash buffer, 100 jiL of stabilized ehroniogen are added to each well and the plate is 
ine^h&Sed at room temperature for 45 minutes. To stop the reaction, 100 tiL of stop 
10 solution is added and the plate is read at 450 nm* Levels of o ther ey tokines including 1 L~ 
1 fl 1L-4, 3f>5 md the eheniokme, eotaxin can be similarly assessed in BALF samples to 
determine the effect of test compounds on Th-2 related itmotiert 

Determination of Ovalhtmiin sp^ 

15 The effects of compounds on serum immuno globulin E (IgE) levels in rodents 

that Imm m\$%rg®n& a!l.e%en-m:dueed : (e,g, ovalbumin) airway cell proliferation and 
ixifhiixsmafen can be measured using m assay developed with reference to Salg&do et at, 
Allergoh et imTBunopathoI^ 16, 2(95-98), 1988. 

Serum samples are taken from rats suffering from asthma, induced by the 

20 ihhaktion of ovalbumin, and stored at >8 0*C until use. The ELIS A plate is coated with 

1 .25 mg/mL ovalbumin prepared in coating buffer (0,5M Carbonate-Biearbonate^ pH 9,6, 
Bethyl Labs, Catalog # El 07) and incubated overnight at 4"€, After 18 hours, the plate is 
washed one time with wash buffer (50 mM Tris, 0T4 M NaCL 0,05% Tween 20, pH 8,0* 
Bethyl Labs, Catalog # E106), 200 pL of blocking solution (5% skim .mUfo'PBS) is added 

25 and the -pl ate is incubated at 4 V C for I hour. Serum samples are dil uted 1:30.00 m smnple 
diluent (Post. coat solution containing 50. mM Tris, 1% BSA, pH 8.0 0.05% Tween 20, 
Bethyl Labs, Catalog # E 104), After the one how incubation with blocking solution, the 
plate is washed three times with wash solution and 100 pL of diluted sample is added to 
the appropriate well . Samples are then incubated at room toeiperaii?re for 3 hours. Once 

30 the 3 hour incubation is complete, the plate is washed, live times with wash buffer The 
sheep. Miti-rM IgE HEP conjugate detection antibody (Bethyl Labs, Catalog #&i KM 1 7P) 
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is diluted I ; 100 in a 1 % skim milk/PBS solution, IQG.ftL of this solution m then added to 
the. plate and the plate is incubated for I hour at 4"C, The plate is then washed another 
five times with wash buffer. The 1MB peroxidase substrate (BetHyi Labs, Catalog # 
El 02) is prepared by adding tqml volumes of 1MB peroxidase substrate wife Peroxidase 
5 solution B. 100 pL of substrate is added to plate and ineiibated at room .temperaiwe for 
1 5 rninates/The enzymatic reaction is stopped by adding 100 jiL of 2 M sufferie acid 
(Sigma Aldrieh), Hie plate is then read at a wavelength of 45G nm, 



In the case of compounds (e.g. CKB 12 modulators, CRTH2 inhibitors) useM for treating 
10 gastrointestinal disorders in which Inflammation plays a role there a number of useful 
amniaj models thai can be used in the testing of compounds, 

TNBS Colitis in Rats ; 

Complete protocol details for one model ean be found in Morris et aL (Gastroenterology 
96(3)"795-803 ? 1989), Briefly, to induce chronic colonic inflammation in mis, a rubber 

15 catheter is inserted reetally into the colon such that the tip fe 8 cm proximal to the mm. 
NexV2A$"^^ acid (TNBS 5-30 mg) dissolved in 50% ethaool is 

instilled into the lumen of the colon through the rubber aiheter. Rats are euthanized at 
various times (24 hows and 1-8 weeks) following rectal TNBS administration and the 
colon tissue is examined for damage, inllamniation aii4d ulceration. Coton weight and 

20 colonic myeloperoxidase - (MPO) aeitivity are also assessed, 

;OSsBS eolitis in mice; 

Female C57 BL/6 mice are used in a model of TNBS-Indueed Colitis, Briefly, test 
grivups each receive vehicle or test 'compound (he. test compound (1 0 mg/kg) or positive 
control (de&amelhasone; 0>5 mg/kg}), by oral gavage, twice per day at a dosing volume 
25 o f 1 0 ml/kg, on days - I r 0, 1 5 2 and once, 4 hours pre-sacrifice on day % On day 1, 

mice are fasted. 16-20 hours prior to TNliS injection. On day 0 S mice, are infused with SO 
jul TNBS solution (Sigma) or vehicte/ per nioose via rectal catheter into the od! on and the 
rectum held off for approximately 4-7 minutes. Animals are returned to cages and 
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monitored for full . recovery. Behavior is monitored daily. Body weights are measured 
each day and at temimati&n, Mice are euthanized by cervical dislocation and neetopsied 
on day 3 (72. hours post- TMBS injection) for assessment of gross observations, colon 
clinical observations and collection of all colons into 10% neutral buffered formalin, for 

5 histopathologic evaluation. Clinical assessments incl ude colon length* colon weight, 
hemorrhage, siricttire fbrmation, ulceration, foea! blood, mucus, diarrhea, erythemas 
adhesion and edema at necropsy, Colon hisfopatholGgy quaBtltates the extent of 
inflammation (34* foamy macrophage, lymphocyte and pol^norpbonuclear cell 
inB:];trate) $ gland logs and epithelialloss by clinical scoring of severity and percentage 

10 area affected. Scoring is performed in a blinded manner. Colon tissue may also be 
assessed in an in vjtm myeloperoxidase (MPO) assay for MPO enzyme activity. 
Compleie protocol details for an alternative model can be found in Dohi et ah 
(Gastroenterology 1 19:724-733, 2000). Briefly, mice (G57BL/6; 40 j-ig/g and Balh/e 36 
|ig/g) are given a solution of TN 8 S dissolved m a mi« of phosphaie-bHifeed saline 

15 and then mixed with an equal volume of ethano.l for a final concentration of 2% TN BS in 
50% ethane t On days 0 and 7, the TNBS enema is administered to mi ce anesthetized 
with ketaxnine and xylazine via a glass microsyringe equipped with a gastric intubation 
needle. Tissues and cells are assessed 3 days later (day 1.0)* 

Qxa zo kmc Colitis in Mice 

20 Complete protocol details for this model can be found in Kojima et al (X Pharmacol, 
ScL 96:307-313, 2004), Brielly ;> a metal catheter Is inserted 4 cm into the lumen of the 
colon via the anus in the anesthetized mouse, Qxa^olone solution (OAS niLMonse) is 
adniinistcred into the colon throngii the catheter. Colonic- tissues irom mice on days 0 
(before colitis induction), 1 , 2, 4 and 7 are collected and examined for evidence of 

25 colitis and myeloperoxidase (MPO) activity, 

in general any model of colitis can be used, in particular, mouse or rat models in which a 
chernical, hapt^i or antigen is used to induce colitis. 

Oral;;^ allergy in mice 
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Complete protocol details for one model can be found in Heg&n ei al {-Nat Immunol 
2(4}:3 53-60, 300 1 ). Briefly, mice are sensitized by intraperitonea). nyaehon with 
ovalbumiii (30 jig) in aluminum hydroxide (aium;lrag) in 0 ,9% sterile saline on day Ct 
On days 12 and 1 3;, mice axe orally administered with encapsulated ovalbumin or placebo 
enteric-coated beads (20mg) followed by oral administration of acidified water (300 jiL 
pH 2i)}. In some eKperiments, mice are intragasliically challenged with soluble 
ovalbumin (1 nig) in PBS (200 jii) or control PBS on days 1 2 and 1 5, Mice arc? 
eutlranized and parameters are measured 72 hours after the last antigen cMIenge, The 
gastrointestinal tract iissne is. examined for for eosinophilic inflaxnmadom Complete 
protocol details for another model can be found in Forbes et &L (GastroeoteroiogY 
127: 1 05-1 18, 2004). Briefly, mice are sensitized by an iBtraperiton^al iiy ection; of 50 jig 
of ovalbumin/ !mg of alam in 200 jxL of 0,9% sterile saline on day 0. On days 12, 14, 
and 16, miee are orally acksnnistered 20 mg of either encapsulated ovalbumin 'enteric 
coated beads or placebo beads, follo wed by 2O0jxL of acidified water 9 pH 2.0), 72 hours 
after the last antigen challenge, mice are euthanized and disease parameters are measured 
in various ways. In some experiments, mice are intraperitonealiy injected on days 0 ? I f 
md 3 with either rat !gG2h~depfeting antHM monoclonal antibody or rat IgG control 
antibody, Methacholinerii^ is determiaed on day 4, 

Myeloperoxida se Assay 

TMs protocol has been modified from descriptions in Arita et ah (2005 Proc Nad Acad 
Sci USA I 02:7671) and Morris et at (1989 Ga&tmenter&iogy 96:795). to brieC each 
colon tissue sample is assessed for levels of myeloperoxidase activity. Tissues are 
homogenized in potassium phosphate buffer (pB 6,0) containing 0.5% 
hexadeeyltrimetnylammoninm bromide, followed by three cycles of sonieation and 
ireeze-thawntg. Particulate matter is removed by centriibgation (1 3,000 rpm ibr 20 
minutes at 4*C)* 1 0 }il of supernatant is added to to 9Qpj of potassium phosphate buffer 
(pii Oil) containing 0,2 mg/ml o-diamsidine dihydrocMoride (ODD) and 0.0006% 
hydrogen peroxide. Changes in optical density are measured at 460 ma at 23 -C, at 30 
second and 60 second intervals up to 30 minutes, 
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Expenmental oral allergen -Induced diarrhea 
Complete protocol details can b€ fouM iii Brandt et al. Q* Clin, Invest 1 . 12(1! ): 1666* 
1677, 2003). Briefly, mice are sensitised twice, 2 weeks apart, with 50 of 
ovalbumin/:! mg of /aiumfrri&tt potassium sulfate adjuvant .by niirapmtcmea! injection. 
5 Two weeks later, mice are held in the supine position 3 times a week and orally 

admini^ered 250 )iL of sterile saliae that contains opto 50mg of ovalbumin. Before each 
intragastric challenge, mice are deprived of food for 3-4 hours with the aim of limiting 
antigen degradation in the stomach. Diarrhea is assessed by visually moniiroing mice 
for up to ! hour following intmgastric challenge. 

10 Other colitis models are described Bbon. et.al. (Gastroenterology 109:1344-1367, 1 995) 
and Kim et ai (Seand. J. Gastroenterol 27:529-537, 1992), 

Chiiinase Assay 



Acidic manimalimi. ehttinase (AMCase) is induced in animal models of asthma and is 
15 fmmdto be elevated in humaivasthmaiics (Zhu et al Science (2004) 304: 1678-82), 

Therefore, AMCase may be a useful biomarfeer for disease and compounds which treat 
the causes and/or symptoms of asthma may block AM Case elevation. Direct inhibition 
of AMCase may also be beneficial as treatment with antibodies to AMCase have been 
reported to ameliorate inflammation and ainvay hypen^esponsiveness in animal models. 

20 Assays have been described in the scientific literature including Guo el al (J Biol Cheni 
(2000) 275:8032-7) and mam al (Science (SOOvf) 304:1678-82), In models of asthma, 
mice or rats are sensitized to allergen (e.g., o valbamin) and subsequently challenged by 
aerosolized antigen to induce pulmonary iufiltration and airway hyper-respomiveHCSs. 
Chitinase activity in bronchial fluid (BALF) is assayed with the 

25 fiuorogeme substrate 4*methyiumbe!lifefy] (4-MU) (Sigma). BALF is incubated with a 
substrate in citrate/phosphate buffer (0,1 M/0,2 M), pli 5:2, at a concentration of 0.02 
mM* Ater incubation at 37 °C for IS Hrinuies, the reaction (final volume, 110 id) is 
stopped with 1 ml of 03 M giycine/NaOH boifer, pH 1:0.6, and the fluorescent 4- 
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methyl umbelliferene released is measured with a fluorimeter (excitatioBj 330 am; 
$mi$$io$,. 450 nm), A 4-metiiylimibelliferDne (Sigma) standard curve is used to gnantify 
fce enzyme activity. Protein concentrations are det^niined asiBg tlie Pierce niioro-BCA 
protein assay kit. Compounds useful for the treatment of asfcma may, when administered 
5 to atnmak at &c appropriate times during the course of the experiment* redisee AMCase 
activity in BALP, Akeriiatiyely, eompoui^ds thai directly inhibit AMCase activity when 
administered to animals or in an in vitro setting with purified enzyme, may also he useful, 
for the treatment of asthma and/or allergy, 

ANIMAL MODELS OF PSYCHOSIS 

10 Animals are housed in a temperature-controlled environment with free access to food and 
water, Animals, are: allowed to. become acclimatized to their new environment and are 
handled during 1 week before starting the cxpcrinieni (to permit habituation to the 
investigator). All experiments are performed in a separate, quiet light level -temperature- 
eontrolled and smmd. attenuated experimental room. On the test day, food and water are 

15 withdra wn during the experiment and immediately replaced after the experiment such 
thai no animal will is without food or water for longer than S hours. Behavioral 
evaluation is observed in one or more of the following models. 

Stcrptypieai Behavior and Hyperactivity Induced by F$yehotemiinMiQ:.BmM 

Each animal h individually placed into plastic test cages and allowed to habituate to the 
20 cage for up to 30 minutes prior to testing. Following habitation, animals are 
adminisiersd a ps^hotomimetio drug {such as MK-8Q1 f PCP, etc) and are then 
immediately replaced into fee test box for behavioral observation. The stereotyped 
behavior and general motor activity are scored by an observe and/or via a video 
camera/activity monitor for op to 90 minutes postinfection (Hashimoto et &L 2005 Brain 
25 Res 1033:210-5). The test cages are .thoroughly wiped clean with alcohol followed by a 
spray water rinse and dried after each session. This removes any olfactory cues that a 
rodent may leave on the test cage surface. In some eases, no drag treatment baseline 
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locomotor activity measurements are taken up to 3 days prior to the. test day in order to 
assess the natural motor activity, of the animal 



Ttaefbre, a typical study schedule for stereotyped behavior and hyperactivity progresses 
as fello ws : AiHmal^ are dosed with ..test compounds 1 hour prior to systemic injection of 
S psychotomimetic drug and returned to their home cages, 30 minutes prior to behavioral 
testing, animals are placed m test cages to acclimate. Following habituation, animals are 
saheutaneoosly injected with a psychotomimetic drug,., and . placed hack into their 
respective imt cages, Behavior is recorded by an observer and/or video tracker for up to 
90 minutes post mjeetiOB* Following behavioral testing, animals are retorned to their 

10 home cages, A mmals are allo wed a drug washout period of one week and behavior is re- 
evaluated in a coonterbalanced fashion. At experiment end, animals are euthanized by 
C0 2 inhalation or pentobarbital overdose (> 1 20 rag/kg). When brain tissue collection is 
necessary m order to analyze levels of neurotransmi Iters and immediate early genes, 
decapitation is performed. If Mood sampling is necessary, it is done at the study end, 

15 after all . behavioral observation is complete. To sample blood, animals axe under terminal 
anesthesia by isoflurane or pentobarbital and sampling takes place at the retro-orhital 
sinus by sterile pipet tip or by cardiac puncture with a sterile needle. 

MfeetsxCFs^ on Cognition (F repulse Inhibition 

Model) 

20 Startle reactivity is measured by startle chambers. Each chamber consists of a clear 

nonrestrictive plexiglass 8,2 cm diameter cylinder resting on a 12,5 x 25,5 cm platform 
inside a ventilated box . A hi gh-feqy eney lo udspeaker inside the chamber produces both 
a coniinuous backgroiind noise of 65 decibels (dB} and a range of acoustic dB stimuli. 
Vibrations of the Plexiglass cylinder caused by the whole-body startle response of the 

25 animal are transduced into analog signals by a transduction unit attached to the platform. 
The signals are saved to a computer. The PPI test session generally consists of a 
randomized presentation of startle trials (120 dB pulse), prepulse trials (60-90 dB 
prepulse iminediatdy preceding a 120 dB pulse) and no stimulus trials. This session 
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usually lasts for 15-20 minutes. The acoustic stimuli ase not harmful to the animals' 
hearing. 



thcreibre, a typical study -schedule for PPI may progress as .follows: -Animals are dosed 
with test compounds or antipsychotic drags (i.p, or s,c.)< Immediately after this 'injection, 

5 animals are gi ven a systemic injection (i .p, or s.e,) of either vehicle or psychotomimetic 
drug arid 10 minutes later they are placed individually Mio. startle chambers. A 65. dB 
background noise level is presented for a 10 minute aeciim&iion period and then the PPI 
test session (consists of ^^presentation. of startle trials (1 20 dB pulse), prepd.se trials. (60- 
prepulseimi-nediately preceding a 120 dB pulse) and no -'.stimulus trials) begins and 

10 lasts for I S minutes . M the end of flic test session, the animals arc returned to their home 
cages, A no treatment,, baseline measurement test session may occur up to 5-7 days prior 
to the drug treated test session. Following behavioral testing, animals are returned to 
their home cages. Animals are allo wed a drug washout period of one week and behavior 
is re-evaluated in a counterbalanced fashion. Geyet et al (2001) PsydiophanBaeology 

15 1 57(2-3) II 7-1 54 review the use of .PPI models in the study of Schizophrenia. 

Forced swim mode i of depr ession 

Compounds described herein can he screened for the ability to alleviate the 
depression induced in a rodent forced swim model Examples .of ..such. protocols are 
found m Porsolt M al 1977 Arch int Pharmaeodyn Thcr, 229:327-336 and Forsoit et al 

20 1979 Em I Pharmacol 57:201 ~2l 11 

In this model the animal is placed in plexiglass cylinder containing water from 
which there is no obvions means of escape. The animal alternates between vigorous 
swimming and immobility,- The periods of immobility represent a state of despair in the 
animals; Animals dosed with known anti -depressants, show avdeereaso In the duration of 

25 immobili ty Periods of immo bility are measured by an observer with a stop watch. 

Tail susp ension model of depression 

A test for the screening of anti-depressant compounds is the tail suspension test 
An example of the protocol can be found in Steru et al 1985 PsyetophanBaeoIogy 83 ; 
30 367-370. 
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This model, like the foreed 'swim model, places animals in a situation that results 
m alternating vigorous movement and periods of immobility, in the &&say> animals are 
suspended by their tails away from other objects and the floor. like the forced swim test, 
animals treated with kno wn anti-depressants show a decrease periods of immobility, 
5 These periods of immobility are measured by an observer with a stop watch. 

Animal Models for Assessing Memory and Cog&IfiVe Ability 

In human patients: there are a number of tests that can he used to measure eogniti ve 
ability. Useful test include Mixd-Mental State Examination (MM SB), Alzheimer's 
Disease Assessment Scale (ADAS), Boston Naming Test CBNT) 5 and Test (TK>, 

10 'The test scores arc generally analysed by determining the percent inerease or decrease 
o ver the test period compared to the baseline score at tfie beginning of the test period. 
These tests and others can be used to assess the effect* veness of the agents used for the 
treatment or prevention; of cognitive impairment, . 

In Malyzing candidate toemorf protective agents it can be useful to measure the effect of 
15 a test compound on the cognitive ability in an animal model. There are a wide range of 
such tests that can be used to assess candidate compounds , 

Gne useful test invol ves the assessment of working memory/attention. in mice, Briefly, 
the elftet of a compound on spatial working memory cm be characterised in aged mice 
(he, about 25 months old) end m young mice (i.e. about 3 months .old). The working 

20 memory of the mice can first be compromised by pharmacologieal means (i.e.. 

seopol amine-md uced impairment). Working memory is the temporary storage of 
information (Bontempi et aL 2001 J Pharm ami Exp Themp 299:297). and has been 
shown to be flie primary type of memory disrupted in Alzheimer's disease, stroke and 
aging (Giasky et ah 1994 Pharm y Biochem and Behavior 47:325}. Another useful test for 

2.5 assessing working memory measures Spontaneous Alternation behavior in mice. 

Spontaneous alternation is defined as the innate tendency of rodents to alternate free 
choices in a T-maze over a series of successive rons(Deinher and Fowler 1958 
Psychological Bmieiin 55:412), This is a sequential procedure that relies em working 
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memory because the ability to alternate requires that the animal retain sped fi e 
mfdraia&m, which varies from trial to trial (Bontempi el at 2003 
Nmiwp^h^ph^^aootos^' Apr 2, 2003 ? 1-12), This test is also sensitive to varying 
parameters;, such as deJay intervals md increased number of trials, as we! ! as 
5. phammcologiea! treatments altering . memory processes (Siefeni and Gold, 2001 Jhumal 
qf Neuroscience 2 I ;609), In conducting this test, mice are first allowed to briefly explore 
i l^te to become femiliar with the apparatus. On the., following day, a mouse is placed 
in a start box thai is connected to the main stem of the T-inaze, The elapsed time 
between the opening of the start box and the choice of an arm is measured (choke 
10 latency}. The mouse is confined in the chosen arm lor a set amount of time (e.g.. 30 
seconds) and then returned to the start box for the remaining consecutive trials in a 
testing session (Bontempi et ai ? 2003), Working memory performance for each mouse is 
assessed by the percentage of alternation over the trials in the testing session. Percentage 
is defined as entry m a different arm of the T-ma^e over successive trials . 

15 The Delayed Non-Matching to Place (ONMTP) test is another useful animal model for 
testing the effect of a compound on cognitive ability. In this test, mice are trained and 
tested in an elevated eight-arm radial maze (Levin E, and Caldwell, DP (2006) Neurobio! 
Learn and Memory 86(1} 1 17-122} with a central start box placed in the center of a room 
with various pietees/objects placed aroimd the room to serve as spatial cues. Each arm 

20 has a food pellet cup located at it far end. Food-deprived animals are habituated to the 
apparatus with all amis open and baited over a couple of successive daily free exploration 
periods prior to the lest day. The exploration period ceases when all amis are visited and 
all food pellets are consumed (Bontempi ei ai 2001 (supra), 2003 (supra)}. Animals are 
then trained to the DNMTP rule. A session consists of multiple trials that are separated by 

25 a defined interval,. A trial consists of a study phase (two forced runs) and a test phase 

(two choice runs), in the study phase, the animal is given two eonseeiitive forced nms in 
two di fferent opeis arms. A forced run m when one arm of the maze opens allowing the 
animal to travel down to collect the food pellet and return to the central start box. After 
the second forced run, the test phase ensues. Two doors open simultaneously to begin the 

30 first choice run. One door reveals the first arm visited during the study phase and the 
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other is an adjacent unvisi ted arm, Once the animal makes a choice and then retinmto 
the start box, the next pair of doors open (second choice ruti)< The second choice ran 
consists: of the. second arm visited In the study phase mid an adjacent. tip vel ami* During 
the choice runs, the animal is reinforced only when it enters the arm that had not been 
5 previously visited during the study phase. This is the non-matching to place rule; the rule 
being not to return to a previously visited ami. Once a mouse is trained to the DNMTP 
rule, vari able delay periods between the study and test phases can be introduced Mice 
are allowed to adapt to the delay paradigm over a few consecutive days prior to 
compound testing. Compound testing is conducted over a several consecutive days 

10 followed by a washout period with no paradigm taming, followed by a vehicle injection 
for measurement of baseline perform anee, Test compound or vehicle injections are 
acutely Mminfeiered prior to the start of each testing session. Working memory is 
evaluated by the comparison of performance on drug days versus baseline days. The 
effects of putative cognitive enhancing drugs are commonly evaluated in the delayed 

IS non-matching to position task (Crawley, What's Wrong With My Mouse? Behavioral 
Fhenotyping of Transgenic and Knockout Mice, Wtley-Liss, New York, 2000), The 
DNMTP task is similar to seheduie-induced operant tasks which include delayed 
matching and delayed non-matehing to position tests in. automated chambers, generally 
used in rats (Bontempx ei ah, 2001 (supra); Crawley, 2000 (supra)}* 

20 In addition to those working memory assays described above,, another useful animal 
model m assess cognitive performance is the novel object recognition (NOR) assay 
(Bnnaeeur & IMacoer 1988, Behavioral Brain Res. 31, 47-49). Briefly, this assay 
assesses the ability of rodents to retain the memory of a -faitdiiar** object by initially 
exposing them to the ^familiar*" object and then, after some period of time, exposing the 

25 rodent to both the ^miliar" and a ^over object If the rodents recognize the ^familiar 
obj ect they wi ll spend more time exploring the "no veF object more. If the memory of the 
"■fejntliar" object is lost, rodents will investigate both objects equally. Test compounds 
are assessed for their ability to prolong the time period for which rodents can retain the 
memory of the familiar object (as measured by exploration of the novel). 
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Working memory tests mch as those described abo ve are thought to require identification 
and use of novel information oil each trial (predominately affecting aiientiona] processes) 
whereas spatial reference memory tasks require the same Information to be used across, 
trials, 

5 The Moms Water Maze Task (DT fooge and De Deyn (2001) Brain Res Rev 36 (! ) &ih 
90) is a spatial navigation task in which an animal uses visual clues to swim to a hidden 
plalfiirm. Animals are motivated to find the : fastest, most direct route to the platform in 
order to escape the wafer. The test typically consists of pre~tmining to a visible plalionn 
to test the animal 's ability to ootid mi the procedural component of the task. Training for 

10 location of a hidden platform follows visible platform acquisition. Finally , a probe trial 
tests the animal - s ability to find the spatial location that previously contained the hidden 
plaifoim Suecessfo! performance on the probe trial means that the animal spends 
significantly greater time in the trained quadrant versus non-irained quadrants. A deficit 
in learning and memory is defined as normal perfonnanee in the visible platform task but 

15 impaired performance on the hidden piafionn task. 

Other tests, such as avoidance tasks, have been extensively used m the screening of 
compounds for cognitive enhancement (Crawley, 2000- Sarter et at 1992 
Psyckopkamacpiagy 107:461}, For example, in the passive avoidance task, an animal is 
placed in a shuttle box containing a light and dark chamber (the dark is the natural 

20 preference of the rodent) . The anim al is trained to associate footshoek wi th the properties 
of the natural preferred dark chamber. The next day, the animal is placed in the light 
chamber and latency to enter the dark chamber assesses the memory for the avemve 
association (Crawley, 2000). Potential drawbacks from these tests are that procedural 
components (the ability to acquire, store or retrieve memories) cannot be differentiated 

2$ form declarative memory (remeinbermg; a specific item of infbmiati oh) as opposed to the 
Morris Water Maze task. Latency to enter the dark chamber on the first day is the only 
inherent control parameter in the avoidance task. It is known that the passive avoidance 
task can be affected by fear because an animal is negatively affected by the footshoek so 
die test is often used to complement other learning and memory assays (Yam.ag.acM ei ixL 

30 200! Jpn Journal of Phamioeology 87:240), 



574 



WO 2008/019357 PCT/US2007/075332 

Teste of. cognitive ability are generally used in eanjimction with tests designed to rule out 
artifacts that would impair the animal from perfonning complex tasks. For example, 
general effects on- motor function (hyperactivity or sedation) can be .measured by testing 
locomotor activity, including stereotypy (Crawley, 2000 (supra)). Motor coordination 
5 and balance can be assessed by assays such as the rotarod test. This test requires a nionse 
to continuously walk forward on a rotating cylinder to keep from, feHmg off (Crawley, 

Effects o f test compou nds on neuropathi c pain in a .Spin al Nerve Ligation (SNI.) Model 
Compounds are evaluated in a manner similar to. that described m US200S01 43443 

10 example 30 (paragraph 224). Adult male Sprague-Daw ley rats (I tarlan, Indianapolis, IN) 
are givm foe access to food and water and are ..maintained, on a 12:12 hour light/dark 
schedule for the entire duration of the study. The animal colony is maintained at 2 PC 
and 60% Immidity. The Spinal Nerve Ligation (SNL) model (Kim and Chung (1992) 
Pain .-50:355-63) is; used. to induce chronic neuropathic pain, The animals are anesthetized 

IS with isoilurane, the left L5 transverse. process is removed, and the LS and L6 spinal 
nerves are tightly tigated with 64) silk suture The wound is then closed with internal 
sutures and external stapes/ Wound clips are removed 1041 days following surgery. 
The effect of test compounds on mechanical aliodyma testing is deternimed. Baseline* 
post-injury and post-treatment values for non-noxions mechanical sensiti vity are 

20 evaluated using 8 Semmes-Weinstein filaments (Stoelimg, Wood Date, 111, USA) with 
varying stl!me$s (04,. 0.7, 1,2, 2,0, 3, & : 5,5;, 8.5, and 15 g) or von Prey hairs according to 
the up-down. method. (Chaphm et a!, (1994) j NeUrosci Methods 53:55-63), Animals are 
placed on a perforated metallic platform and allowed to aeciiinaie to their sinxoiaidings, 
for a minimum of 30 minutes before testing* The mean and standard error of the mean 

25 (SEM) are determined for each animal in eaeh treatment gronp. Since this stimulus is 

normally not considered painful signified in responsiveness in 

tin s test are interpreted as a measure of mechanical aBodynia, Alter a haseiine reading, 
test compound is administered and readings are recorded every 2 hours up until 8 hours 
post compound administration. The ahii-coovnlsaot gahapentin, is used as a positive 

30 control. Statistical analyses are conducted using Prism™ 4,01 (GraphBad, San Diego, 
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•CA)>. Mechanical hypersensitivity of the injured paw is detemrined by comparing 
coBtraiateral to ipsilatemi paw values within the vehicle groisp. Data are im&iy^ed using 
the Mann- Whitney lest, Stability of vehicle group injured paw values over time is tested 
using the Friedman two-way analysis of variance by rank. Test compound effect is 
5 analysed at each time point by carrying out a Kruskai-Wallls one-way analysis of 

variance fey rank followed by a Dunn's post hoe test or Marni- Whitaey signed rank test 



Compounds are evaluated m a, manner similar to that described by Whiteside et aL (Br, jL 
Pharmacol (2004) 141 :85~91). Briefly rats,, under general anesthesia, undergo a siirglcai 

10 incision using aseptic technique iix the plantar surface of the hind paw in a manner that 
incises the skin and plantar fascia of the paw starting 03. cm from the proximal edge of 
the heel and extending 1 em towards the toes. The plantar^ muscle is elevated and incised 
longitudinally. Following hempstatsis with gentle pressure, the skin is opposed with two 
interrupted sutures. The wound site is treated with povidone-iodine and antibiotic 

15 powder, and the rats allowed to recover in their home cage. Twenty lour hours following 
the surgery* thresholds, to noxious stimuli may be assessed. The assessments used can 
include mechanicarhyperaigesia using the paw pressure technique (Randall & Selhto* 
(1957) Arch, Ini Pliarmaeodyiiam,, 3:409-419), tactile allodynsa using von Frey hairs 
according to the ap-down method (Chaplan et aL (1 994) J Mearosel Methods 53:55-63 ), 

20 and hind limb weight hearing utilizing- an hieapaeitance meter (Stpelting,- OA); 

Following the measurements of basline responses 24 hours post surgery compounds can 
be administered via IP, PCX SC 5 and or IV routes, and there analgesic and/or ants- 
afiodynic actions assessed at I, 3 ? 5, and 24 hours post drug, l%eshold response data are 
analyzed by analysi s of variance (ANOVA) follo wed by suitable post hoc analysis such 

25 as Fischer PLSD tests. 



A aimal models assessing polhtkinrht, urinary iiic^iitiiicuee, arid related disorders 
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The compounds can be assessed for their effect on cyck>phospIiaiHlde induced cystitis in 
rats, guinea pigs v dogs. :etc. as described m-Ozawa et al>. The Journal hi Urology., the 
. 1 62nd volume, the 221 1 - 221 6th page, 1999 and Boucher etak The Journal of 'Urology, 
the 164th voteie 5 the 203 - 208th page, 2000, Carlo Alberto Maggi et ah (Journal of the 
5 Autonomic. Nervous System, the 38th volume, the 201 - 208th page, 1 992 J describe a 
model ..of overactive bladder function which cm be. used to assess compound acti vity . 

Ernests Assay 

The ability of compounds described herein to suppress nausea and vomiting can be 
10 assayed as.. deseribedin . Sharkey et al. (2007) European Journal of Neuroscience, 25: 
2773-2782, Briefly, adu!f male ferrets (900-1500 g, Mustek putoris iuro,MarshaIl 
Research Laboratories, NY, USA) are lasted overnight prior to experimeotSv but given 
free access to water. Vehicle (e.g. 2% dimetbylsuHbxide,. 1% 1 ween 80 in physiological 
saline) or test agent (e.g. FAAH mibitor eompoimd at 1-2 mg/kg) are administered i.p.15 
15 min before the emetic agent, morphine 6 glucuromde (0,05 mg/kg y s»£.. ? . MSG, Lipoujed, 
Arieshehrk Switxeriand). The ferrets are observed for 1 h to count the nmnher of emetic 
episodes (defined by rhythmic abdominal eoutraeiions with an open mouth and obvious 
retching) and vomiting (defined by retching with the expukion of saliva and gastric 
juices). Activity is also measured in the observation period by counting the number of 
20 minutes in which the ferret makes voluntary movements, Data are presented as mean ± 
SEM for n-valnes of, for example. 5-8 animals per group. Data are compared using 
anova followed by a'Bonfcrroni post hoc test and are considered statistically significant if 
P < 0,05, 

25 Electrophy siologic^^ 

Tim compounds described heroin can be assayed tbr their effects on human ether-a go-go 
gene related product (hERG) potassium channel activity. hERG channels arc expressed in 
a human aubryonie kidney (HEK293) ceil line that lacks endogenous hERG channels. 
HEK293 ceils are stably transfeeted with hERG eONA, Stable tonsfectants are selected 
30 by eoexpression wife the G41 ^-resistance gene incorporated into the expression ptasnud 
Selection pressure is maintained by including G4 18 in the culture medium. Cells are 
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cultured in Dulbecco*s Modified Eagle Medium / Nutrient Mi&ture P~12 (D-MEM/F-i S) 
supplemented with 1.0% fetal bovine serum, 100 U/mL penicillin G sodium, lOOjig/mi-. 
strep tomy em sulfate and 500 |.tg/mL G4.18 or similar. Cells are maintained in tissue 
culture incubators at 3 7°G in a humidified 95% air, 5% CO* atmosphere,, with stocks 
5 maintained m cryogenic storage. Cells used for elecirophysiotogy are plated, in plastic 
culture dishes. 

Test solatia^ positive control articles such as B-403I, (500 .nm%. terfenadma, (60 ran), or 
cisapride (100 bM) are prepared fresh daily in HEPES-bulfcred physiological saline (HB- 
10 PS) solution (composition in mM): NaCI, 137; KC|> 4X>; CaCl 2 , L8; MgC! 2 , 1; HBFES, 
10; Gliaeose, 10; pH adjusted to 7 4 with NaGB or similar. All test arid control solutions 
also contain 03% dimethylsulfoxide; (DM SO). Thus the Vehicle control solution is US- 
PS KDMSO > 03%. 

IS Cells are transferred to the recording chamber and; snper&sed with vehicle control 

solution. Mieropipette solution for whole cell patch clamp recordings is composed of 
(mM): poiassmxn aspartate, 130; MgCl 2 > 5; EGTA, 5; ATP ? 4; HEPES, 10; pH adjusted to 
7,2 with KOH or similar. The recording is performed at a temperature of 35 ± 2 °C 
MIcropipettes for patch clamp recording are made from glass capillary tubing using a 

•20 P-97 mieropipette puller (Suiter instn-iTneats > No vaio, CA) . A comxn ercial patch clamp 
amplifier is used for whole eel 1 recording. Before digitteatioii, • eurreM records are low- 
pass fihercd at one-fifth of the sampling frequency . 

Cells stably expressing hERG axe held at -70- to -80 mV, Onset and steady stale 
25 activation of hERG current due to test comported is measured using a pulse pattern with 
.fixed, amplitudes; 1 |eoiiditio.ning prepni.se: +20 to t-40?nV for 1 sec; repolarizing to -50 
mV followed by repoiarizing to. -70roY repeated at 3 -10 s intervals. Each recording 
may end with a final application of a supramaximal concentration of a posi tive control 
articl e (e,g. 'E*403i., 500 nM), to assess the cpniri.b^tioo of endogenous currems. The 
30 remaining unblocked entreat can then be subtracted off-line digitally from tire data to 
determine the potency of the test substance tor hERG activation, 
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Steady state is defined by the limiting constant rate of change with time (linear time 
dependence). The steady state before and after test compound application is used to 
calculate the ^ at each, concentration. Percent activation at 

5 each coneeotr&tion in the test group is compared with the vehicle control group mmg- 
one-way AM)VA fellowed by Dur*nefct*s multiple comparison test (JMP Version S.O J 5 
SAS Jastiiaie, Gary, NC), 

Test compound at different concentrations is applied to cells to deterin line effect on 
10 hEEG current amplitude, The average value of at least 3 cells for each group ± standard 
error of the mean (SEM) is determined and compared to the effects of po sitive control 
articles. 



SELECTIVITY ASSA YS 

15 

Measnreme nt of Selectivity' 

The compound s described herein can he analyzed for target selectivity using the 
OFGRScreen" M (MDS Fharma Services; worldwide, including Taiwan) which screens 
the eompptmds for activity against 92 diifereiit -human G protein coupled receptors. 

20 

S erine Hy drolase Selectivity Assays 

Compounds (e%g< FA-AH inhibitors, MAGL inhibitors, FAAH/MAOL dual 
inhibi tors) can he tested to determine their ability to mod ulate (e.g. inhibit) the activity of 
other serine hydrolases. Thus compound s described herein can he assessed for their 

25 ability to modulate the activity (e, g. inhibit) of other serine hydrolases including the hears, 
enzyme triaeylglycerol hydrolase (TO 1 I; Alaro et aL 2003 Biochemistry 41 
aryiaceiamlde deae&iyiase (A AD; Tnckett et at 2001 3 Biol Chem 276:39522 -39532), 
earhoxylesterase 1 (CB-1; Rcdinbo et ah 2003 Biochem See Trans : 3. 1:620-4), lipoprotein 
lipase (LPL; Stein and Stem 2003 Atherosclerosis 170:1-9) and the brain hydrolase 

30 K3 AAi 363 using the procedures described in liehiman et a! 2004 j oiima! Pharmacol 
And. Experimental Therapeutics 311:441-448, Furthermore, Leung et al 2003 Hat 
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Bioteebnoi 21 :687-69I describe a funcliona! proteonise screen in which test "compounds 
are evaluated for their ability to compete the labeling of serine hydrolases hy m active 
site-direeted FP-rtiodaniine probe. Test compounds are tested over a range of 
eonceiitrations (1 00 pM-100 pM) against the soluble and niembrane fractioBs of tissue 
proteomes (e.g, mouse, rat, or human brain, heart and kidney), and from these data, I€$o 
values are determined for hydrolases that exhibit sensitivity to one or men? pfushibitors. 
Test compound-sensitive hydrolases are then identified using Motlny luted FF probes as 
deseribed In Lin ei aL 1999 Proc Natl Acad Sei USA 9-6:14694 14699 and avidm 
ehromMography-inass spectrometry procedures, as described: in Kidd et aL 2001 
Biochemistry 40:4005-401 5< Briefly, mouse tissues are Dounee-homogenized in iris 
buffer (50 mM Tris-HCl buffer, pH 8.0) with 320 mM mmom and separated by MgS> 
speed eeniri&gatioii at 4 Q G. Sequential spins of i 10% for 5 minutes and 22 5 000g for 30 
minutes yield the membrane .fraction*, which is washed and resusp ended in Iris buffer, 
SuperaatMi'ih>m the seeond spin yields the soluble fraction, Proteome samples (1 
mg/m!) are preineubated with test compounds over a concentration range of 100 pM to 
100 uM for 10 minutes and then treated with fluoropfaosphonate (FF)-rhodamine. (100 
bM) (Fatricelli et at 2001 Proteinics 1: 1067-1071) at room temperature for 10 minutes. 
Both test compounds arid FP-rhodmnine are added from concentrated DMSO stocks to 
gi ve a final DMSO concentration of 2%. Reactions are qoenched by the addition of I 
volume of 2x standard SDS-PAGE loading buffer (reducing), run on 8DS-PA0B, and 
vitalized In-gei nsmg a Hitachi FMBio He. flatbed fluoresceoee scanner (MiraBkv 
Alameda, CA), Labeled proteins are quantified by measuring integrated band Intensities 
(nonnalized for volume). The band intensities of proteome samples treated with DMSO 
alone : are considered 100% activity, and band intensities of proteins inhibited by test 
compounds are expressed as a percentage of remaining activity. Potent inhibi tors (ICm 
values < 10 nM) also are tested at 0,5 to-59'tiM with proteome samples adjusted to 0 A 
mg/ml. IC50 values are detennined . fi-oni dose-response; curves from three trials at each 
inhibitor concentration using GraphFad Prism softw^ire (GraphPad Software inc., San 
Diego. CA), Enzyme targets are affinity isolated and identified using bioimylaied FF 
probes (liu et ai., 1999) and avidin ehromatography-mass spectrometry procedures, as 
described previously (Kidd et aL, 2001), 
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Levels of anaad&mide can be modulated by changes in synthesis, degradation (e.g,, 
through FAAH} 5 and sequestration (e,g., uptake). Aiiandaniide uptake km been described 
hi the literature by a 'number of groups and small molecule inhibitors have been identified 
that appear to inhibit this process. In some cases, these inhibitors may also have 
additional phamiaeoiogical activities including iiihihidan of FAAll [Moore el. Prde 
Nail Acad Sei (2005) 102: 1 ¥852-7].. Anandaniide uptake assays can be performed 
commercially at contract laboratories such as MDS Pharrna Services (worldwide, 
including Taiwan, catalog no, 3 1 5500), This assay is similar to those described by 
Maccarrone et ai (J Bio! Chem (2000) 275:13484-92), Maeearrone ei al (J Biol Chem 
(1998) 273:32332-% Bisogno et al. (J Biol Chem (1997) 272:3315-23), and Moore et al 
(PraeNaii Acad S& (2005) 102:17852-7). 

Am anmidaxnide uptake assay i % described here. Briefly, the uptake of [1-1 4C ] 
anandandde {52 mCi/mmol) can be studied m intaet CHP100 or 093.7, almman 
neuroblastoma and human leukemic monocyte lymphoma line, respectively. CHI* 1 GO or 
U937 cells ate resuspended in their senm>free culture medi a at a density of 1 :x 106 
sells/ml Cell suspensions (2 ml/test) are ineuhated for different time intervals at 3.7 *'C : - 
with 1 00 xM [ 1 - 1 4G] anandamide; then they are washed three times in 2 ml of culture 
medium containing 1% bovine serum albumin and are finally rosuspended in 2(30 pd of 
phosphato- buffered saline. Membrane lipids are then extracted (Maccarrone, 1996? Eur J . 
Blochea^ 241 : 297-302), resuspended in 0,5 ml of methanol, and mixed with 3 ,5 ml of 
Sigma-Fluor liquid scintillation mixture, for non-ac|ueous samples (Sigma), and 
radioactivity is measured m an LKB I 2I4 Rackbota scintillation counter, To discern non~ 
protein-mediated, from protein-mediated transport of anandaniide into cell meinhranes, 
control experiments, are carried . out at 4 °C . Incubations (1 5 minutes) are al s o carried out 
with different eoncentrations of [i-14C] anandamide (in the 0-750 nM range) to 
determine apparent. Km. and Vmax of the uptake by Lineweayer-Burk anal y sis (in this 
ease, the uptake at 4 9 C w subtracted from that at 37 *C)> Anandaniide uptake is 
expressed as pieomofes of anandamide taken up per minute/mg of protein. The efteet of 
diifeent test compounds on ananclamide uptake is determined by adding each test 
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compound directly to the incubation medium at the selected concentrations. Cell 
viability after' each treatment is checked with trypan blue. It is noteworthy that no specific 
binding of [^H] CP S5940, a potent oannabinold. is not observed with plasma membranes 
of CUP I ()0 ceils, md 0937 cells express hardly detectable levels of CB 1 mRNA and 
3 very low levels of €82 mltNA: thus, [ i anandaniide binding to CB receptors is not-: 
likely to iBterfere m the nptafce experiments. 

FDE4 

PDE4 is the major cAMP-.metahoiizing. enzyme found in inflammatory and immune ceils. 
Small molecule PDB4 inhibitors are being actively developed for the treatment of 

10 diseases assoekied with airway inflammation including asthma, PDE4 assays are 
performed commercially by contract research organisations such as MDS Pharma 
Services (worldwide, including Taiwan, catalog no, 154000). This assay is similar to that 
described by Thompson et a! (Adv Cyelie Nucleotide Res (1979) 10:69^2], Nicholson efc 
a! (Trends Pharmacol 3d (1991) 12:19-27], and Cortijo etal (Br J Pharmacol (1993) 

IS 108:562-8]. 

Fatty acid mnicle hydrolase type 2 inhibition assay 

The ability of test compounds to inhibit the human FA AH type 2 (haFAAB~2; FAAH-2) 
is assessed in an assay employing memhraies protein prepared. &om Cos? ceils 

20 transiently transacted with huFA AH ~2 cDMA (Catalog # TCI 06934, Origene, RoekviiK 
MD), Briefly^ 0y3? uCi/inL of oieoyl-[ 5 H]-etbarsolamidc (OEA, American Radiolabeled 
Chemicals) is diluted in buffer A (10 mM Tris-HCl, pH 65 A mM EDTA and a 1 mg/mt 
of Mty acid free bovine albumin) with unlabeled OEA to yield 5 pM in the assay (200 \&l 
votame final). Different concentraiion of test impounds are added and the reaction i$ 

25 started by adding 20 fig of membranes. After 10 mm at 37°C, the reaction is stopped on 
ice by adding 10 ul of an acidic solution (0,5 M KPO4 adj usted at pH 2.1 with phosphoric 
acid). The [ 3 H j-ethanolamine product is separated from the OEA by &i fferenii al 
adsorption to charcoal and. count in a micropiate scintillation counter. 
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Tubulin 

During mitosis, a cell's DNA is replicated and ihm divided into two new cells. The 
process of separating the newly replicated chromosomes into the two forimng cells 
involves spindle libers constructed with microtubules* which themselves are formed by 
5 long chains of smaller protein subtmits called tubulins. Spindle microtubules attach to 
replicated chromosomes and pull one copy to each side: of the di viding ceil . Witho u t 
these microtubules, cell di vision is not possible. Tubulin inhibition assays are perfonned 
similar to. those described m Baeher et al (Pure and. Applied Chemistry (2Q01), 73:1459™ 
1464) and Li and Sham (Expert Opinion on Therapeutic Patents (2002), 12:1663- 1 702) 

10 including the references described therein. Alternatively, tubulin inhibition can be 
assayed nslng the in vitro mbuiin poh/rm (catalog # GDS0I-B;; 

Cytoskeleion, Denver, Colorado). Microtdhd^ lyopMlked 
tubulin is assayed for the effect of test epmppuiids on ..tubulin polymerization according to 
the maiiufaetxim^s recommended procedure. Briefly, each experimental compound (lOuX 

0 of 10X stock) is incubated with C5TP-sirppiemented tubulin supernatant (90 uL) in a 96- 
well plate. Incubation was done in a Molecular Devices plate reader at 37^0, and 
ahsorhance readings at 340 were recorded every minute for I hour. 

PLA2 

Ftiospholipase A3 deaeyiaies membrane phospholipids to generate, among other 
20 products, arachldonle acid which is a precursor tor the synthesis of eieosanoids including 
prostaglandins and ieukoirienes. There are primarily 3 kinds of PLA2s: secretory 
.(&PLA2), eytosolic calcium dependent (cPLA2), and eakaum independent (1PLA2) 
PLA2, All 3 can degrade the syn^ 

thioarachidenoylphosphad^^ ihio-PC) to release a free thiol that 

25. can be detected by DTNB (Dithianitrobenzoie acid), Therefore, selective inhibitiott of 
any one of the three kinds of PLA2 can he detected by measuring inhibition of thiol 
release in analogous reactions irfilizing various puri fied or partially purified PLA2 
sources. Additionally, there are a number of PLA2 assays that have been described in the 
scientific literature or are eommerci ally available. For instance, PLA2 hsMbition assays 
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cm be performed at eon tract ..resairoh Drganixatiens . such asMDS Phanna Services 
(worldwide, including Taiwan, e>g^ catalog 110s. 160000 and 160100) or through the use 
of kits such m those supplied by Cayman Chemical (e.g., catalog no. 765021), Literature 
references include Huang et al (Ana! Bioehem (1&94) 222:1 10-5), Dillard et al (J Med 
Ch&m. 39:311 9-3% E<^lds et d (Anal Bioehem (1994) 25-32} mid Snyder etai 
(1 Pharmacol Exp; Titer (1999) 288:1 1 17-24). 

TOERAFIilTIC METHODS 

Fhe compounds described herein or phanxiaceutically acceptable compositions thereof 
maybe incorporated into compositions for coating implantable medical devices, such as 
prostheses^ artificial valves, vascular grafta stents and catheters. Accordingly, the 
present invention, in another aspect, includes a composition for coating an implantable 
device comprising a compo und of the present invention as described generally above, and 
in classes and subclasses herein, and a carrier suitable for coating said implantable 
device. In still another aspect the present invention includes an implacable device 
coated with a composition compri sing a compound of the present invention as described 
generally above, and in classes and subclasses herein, and a carrier suitable for coating 
said implantable device. 

Another aspect of the invention relates altering a biological activity in a biological 
sample or a patient, whi ch method comprises administering to the patient, or contacting 
said biological sample with -a compound described herein or a composition comprising 
said compound.. The term ^biological sample'-, as used herein, includes, without 
limitation, cell cultures or extracts thereof biopsied material obtained from a mammal or 
extracts thereof; and blood, sali va, urine, feces, semen, tears, or other body fluids or 
extracts thereof. 

Altering a biological activity in a biological sample with a compound described herein or 
a composition comprising said compound is useful for a variety of purposes that are 
known to one of skill in the art. Examples of such purposes include, but are not limited 
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to, blood tr&nsftisiou, org^mmspkntation:, biological specimen storage, and biological 
assays, 



FAAH rela tM ttiMai^ 

5 Compounds that inhibit FAAH activity are --'e^p^edto'bd-iiiscful in the treatment and/or 
prevention of a member of disorders. FAAH .'inhibitors are expected to reduce one or 
more symptoms of one or more mch disorders. 

Compounds describe herein (e-g. FAAH inhibitors) can be used to prevent and/or treat, 
10 for example, epilepsy and epileptitbmviduceci dasn&ge, exposure t^ ex^itotoxie 

neurotoxins, ex cytotoxicity, isehaemic brain damage, cerebral isdiaema. traumatic injury 
(eg, bnmimjury), depression, anxiety, sleep disorders, Alzheimer's disease, Parkinson's 
disease, HuMmgton r s disease,, amyotropic lateral sclerosis, multiple scleroBi^, toureti^'s 
syndrome, schimphrehia, gimicoma, pain, addiction, inflamiBstion^ allergic responses, 
15 eating disorder^ low blood pressure^ hypertension,, respiratory problems* esncer (femoiir 
growth), chemotherapy camp iicatlons, asphyxia, attention.: deficit disorder, and 
gastrointestinal diseases, including nausea and vomiting, gastric oleem, secretory 
diarrhea, paralytic ileus, inflammatory bowel disease, colon cancer and gastro- 
oesophageal reflux conditions, 

20 

Glaucoma and ocular disorders 

The compounds disclosed herein (fer example, FAAH inhibitor compounds) can be used 
to prevent and/or treat glaucoma and other disorders characterized by ocular 
25 hypertension. 

Sleep Disorders 




The compounds disclosed herein (for example, FAAH inhibitor compounds) can he used 
30 to prevent and/or treat a sleep disorder that affects the sub^eef s ability to fell asleep 
and/or remain asleep, an d/or results in unrefreshing sleep. The term.' u sieep disorder" 
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includes insomnia* Bight tenors, br uxisni, somuaiBhalism, sleep apnea, restless leg 
syndrome, unrefreshing sleep, seasonal affective disord&V circadian rhythm adjustment 
disorders, ami the like. 



5 Insomnia is typically classed into sie^p onset insomn ia, where, a Bubject takes more than 
30 minutes to fall asleep; and sleep maintenance insomnia, where the subject spends, 
more that*. 3.0 minutes awake during an expected sleep period, or, for example* waking 
before the desired wake-up time with m inability to gel Back to sleep. Sleep disorders 
include both endogenous disorders, mch as sleep apnea, and disorders related to 

10 behavioral or external environmental factors* For example, sleep disorders include a 
subjeefs difficulty in adjusting to a new eircadian-rhythm* . for example, due to jet lag; 
night, extended, or irregular work shifts; and the like, A sleep disorder can also arise in a 
subject" that has other disorders, diseases, .or injuries or in a subject being treated with 
other medications, where the subject as a result has difficulty fellmg asleep and/or 

15 remaining asleep, or experiences imrefreshing sleep. For example, the disdosed .method 
is useful for inducing sleep in a sabieet having difficulty sleeping as the result of 
undergoing chemotherapy, or as a insult of injuries, or as the .-result of stress or mood 
disorders such as depression, anxiety, and the like. 



20 Sleep disorders ineiude conditions recognized by one skilled in the art as sleep disorders, 
lor example, conditions known in the art or conditions which are proposed to be sleep 
disorders or discovered to foe sleep disorders. See, for example^ Thorpy, Mi International 
Ghtssifieaiion of Sleep Disorders, Revised; Diagnostic and Coding Manual, American 
Sleep Disorders Association; Rochester, Minnesota 1997; and JCD CM, Inteniational 

25 Oe^sriloaiion of Disease;^ Ninth Revisi on, Clinical Modi fi^ ("enter for 

Health Statistics, Hy&tttville ? . MD> 

Sleep disorders ear* be generally classed into dy&somnias., e,g, ? mtrinsie, extrinsic, and 
drc&dian rhythm disorders; parasomnias, e*g. ? arousal, sleep-wake tnmshiOTi, and rapid 
30 eye movement (REM) associated disorders, and otlier parasonmias; disorders associated 
with mentai newologie&l* and other medieaJ disorders; and other sleep disorders. 
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Intrinsic deep disorders include, for" example, psychophysiological insomnia, sleep state 
mispereeption, idiopathic insomnia, narcolepsy, recurrent hypersomnia, idiopathic 
hypersomnia, posttraumatic hypersomnia, obstructive sleep apnea syndrome, central 
5 sleep apnea syndrome, central alveolar hypo ventilation syndrome, periodic limb 
movement disorder, restless legs syndrome, and the like. 

EKirinsie sleep disorders include, for example, inadequate sleep hygiene, environmental 
sleep disorder, altitude insomnia, adjustment sleep disorder, insufficient sleep syndf ome ? 
10 limit-setting sleep disorder, sleep-onset association disorder* food allergy insomnia, 
nocturnal eating (drinking) syndrome, hypnotic-dependent sleep disorder, stimulant- 
dependent sleep disorder, alcohol-dependent sleep disorder, toxin-indueed sleep disorder, 
and the like. 

15 Orcadian rhythm sleep disorders include, for example, time-zone change {jet lag) 

syndrome, shift work sleep disorder, irregular sleep-wake pattern, delayed sleep phase 
syndrome, advanced sleep phase syndrome, non 24h sleep- wake disorder, and the like. 

Arousal sleep disorders include, tor example, con&siona! amusals, sleepwalking, sleep 
20 terrors, and the like. 

Sleep-wake transition disorders inchide, for example* rhythmic movement disorder, sleep 
starts, sleeptalking, nocturnal leg cramps, and the like, 

25 REM-associaied sleep disorders include, lor example, nightmares, "sleep paralysis, 
Impaired sleep-related penile erections, sleep-related painful erections, REM sleep- 
related sinus arrest, REM sleep behavior disorders, and the like. 

Other parasomni&s include, for example, sleep hre^xsrru sleep enuresis, sleep-related 
30 abnormal swallowing syndroms, nocturnal paroxysmal dystonia, sodden unexplained 
nocturnal death syndrome, primary shoring,; infant si eep apnea, congenital central 
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hypoventilation syndrome, sudden mfmt death syridrome, benign neonatal sleep 
myoclonus* and the like. A "'sleep disorder" may also arise in a subject that has other 
medical disorders, diseases, or itijxirics.,. or i a a : Siibj^t being treated with other 
medications or medical treatments, where the subject as a result has difficulty felling 
5 asleep and/or remaining asleep, or experiences mrreiteshing sleep, e.g., the subject 

experiences sleep deprivation. For example, some subjects have diflietdty slewing after 
undergoing medical treatment far other conditions, e.g., chemotherapy or surgery, or as a 
result of pain or other eftbcts of physical injuries. 

10 It is well known in the art that certain medical disorders, for example^ centra! nervous 
system (CMS) disorders, e.g., mental or neurological disorders, e.g., anxiety, can have a 
sleep disorder component, e.g., sleep deprivation. Thus, treating a sleep disorder also 
Includes treating a sleep disorder component of other disorders, e.g, y CMS disorders. 
Farther, treating the sleep disorder component of CNS disorders can also ha ve the 

15 beneficial effect of ameliorating other symptoms associated with the disorder. For 

example, In some subjects experiencing anxiety coupled with sleep depri vation, treating 
the sleep deprivation component also treats the anxiety component. Thus, the present 
invention also includes a method t>f treating such medical disorders. 

20 Sleep disorders associated with mental disorders include psychoses, mood di soraers, 
anxiety disorders, panic disorder, addictions, and the like. Specific mental disorders 
include, for example, depression, obsessive compulsive disorder, affective 
nemx>si$/disorder ? depressive neorosis/disorder, anxiety neurosis, dysthymic disorder, 
behavior disorder, mood disorder, schizophrenia, manic depression, delirium, alcoholism, 

25 and the like. 

Sleep disorders associated with neurological disorders include* for example, cerebral 
degenerative disorders, dementia, parkinsonism, fatal familial insomnia, sleep related 
epilepsy, electrical status epilepticns of sleep, sleep-related headaches, and the like. Sleep 
30 disorders associated with, other medicai disorders include, for example/ sleeping sickness, 
nocturnal cardiac ischemic cbronic obstructive pulmonary disease, sleep-related asthma, 
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sleep-related gastroesophageal refioxv peptic ulcer disease, fibtosMs syndrome, and the 
like. 



in some circumstances, sleep disorders am also associated with pain, e.g, 5 neuropathic 
5 pain associated with restless leg syndrome; migraine; enhanced or exaggerated serisiti vity 
to pain, such as hyperalgesia, causaigia and allodynia; acute pain; hum pain;. atypical 
feci al pain; neuropathic pain; back pain; complex regional pain syndromes I and II; 
arthritic pain; sports iojuxy pain; pain related to infection, e,g. s H£V» post-polio syndrome* 
and p^st-herpetic neuralgia; phantom limb pain; labor pain; cancer pain; 
10 postcJiemotherapy pain; post-stroke pain; post-operative: pain ; neuralgia; conditions 
associated with viscera! pain including irritable bowel syndrome, migraine and angina; 
and the like. 

Other sleep disorders include, for example, short sleeper, long sleeper, snb wafcefolncss 
15 syndroms*, fragmentary myoclonus, sleep h>perhidrosis f menstrual associated sleep 
disorder, pregnaiicy-associated sleep disorder, terrifying hypnagogic hallucinations, 
sleep-related neurogenic tachypnea, sleep-related laryngospasm, sleep choking syndrome, 
and the like. 

20 Insomnia Is typically elassed into sleep onset insomniay where a subject takes mom than 
30- minutes, to .fell, asleep; aid sleep maintenance insomni a, where the subject, spends 
more than 30 minutes awake during an expected sleep period, or, for example, waking 
before the desired wake-up time with difficulty or an inability to get back to sleep. Some 
of the disclosed compounds are effective in treating sleep onsel and sleep maintenance 

2S insomnias, insomnia resulting from cireadian rhythm adjustment disorders, or insomnia 
resulting from CNS disorders. In one embodiment; a subject is treated for a eireadian 
rhythm adjustment disorder. In another emhodiineni a subject is. treated for insomnia 
resulting fmm a. mood disorder- In other embodiments, a subject is treated for sleep 
apnea, somnambulisni, niglit terrors, restless leg syndrome, sleep onset insomnia, and 

30 sleep maintenanee insomnia; in other embodiments, a subject is treated for v sleep onset 
insomnia or' sleep maintenance insomnia. 
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Compounds described herein can be used to for inducing, prolonging and/or enhancing 
sleep, This can encompass the treatment of a steep disorder, Le. 9 a difficulty in achieving 
satisfactory sleep due to some internal or external feeler, e,g. pain, stress or anxiety, 
5 misuse of stimulants or depressants, or tarrporary disturbance of lifestyle and it can 

encompass elective desires on the; part of a user to achieve a particularly beneficial period 
of sleep. Such a desire may, for instance, arise in anticipation of important events the 
following day or in the near future for which a person may wish to be fMiy alert and 
refreshed, 

10 

The compounds can help achieve any of the following goals: getting to sleep, especially 
stage : 1 sleep; staying asleep; sleeping well; waking refreshed; waking alert; faster onset 
to stage 1 sleep; increasing duration of sleep periods: decreasing the numb er and dotation 
of awakenings; increasing total duration of sleep; increasing prob abi lity of sleeping well; 
15 reducing insomnia, especially chronic or mild-moderate: inaqmni a; decreasing 

disturbances during sleeptinie; and improving quality of sleep. Meeting these goals can 
be determined by any standard or, known sul^ective or ob|ective measures, ibt instance 
the Katolmska scale, Loughborough sleep log or aelimeiry. 

20 improved sleep can assist in keeping awaire; keeping alert; keeping refreshed; and 
performing well the next day 

An effective amount of a compound, described .herein is the quantity which, when 
administered to a subject in need of treatnient, results in the subject iMImg asleep more 

25 rapidly, results in more refreshing sleep, reduces duration or frequency of w aking during 
a. sleep period, or reduces the- duration * ireqneney, or intensity of episodes of night 
terrors, bruxism, or somnainbulism, The amount of the disclosed compound to be 
administered to a suhject will depend on the pariieular disorder, the mode of 
administration, co-administered compounds, if any, and the characteristics of the subject. 

30 such as general health, other diseases, age, sex, genotype, body weight and tolerance to 
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drugs. The skilled artisan will be able to detennine appropriate dosages: depending on 
these and other factors. 



The degree of reftesheds^ss and quality of sleep may be detcnBmed by the " morning 5 " log 
5 of the Loughborough sleep log with the highest degree of relreshedness or quality of 
sleep heing represented as 1 and tlie lowest being represented as 5. Accordingly, the 
percentage increase in re&eshedness. or quality of sleep is measured in this context by the 
decrease in the 'mem retreshMness or Quality of sleep, 

10 llie response of feeling extremely alert, very al ert or alert can be determined, for 
instance, by the Karolmska 9~poI Jit scale. 

Other measures of sl eep parameters incl ude th e sleep disiiirbance index (SOI) and time to 
sleep onset (TTSO) that can both be. measured by aetimetry, 

IS 

The compounds can be qsed in combination with therapies currently used for the 
treatment of sleep disorders, e,g> 5 Aldesleukin (Proleukin), Armmi&dine. (S^rametiei)., 
Baelofen (LioresaiX Bepridil (Vascor), earisoprodol (Soina), Clonazepam (Klonopfc). 
Diazcpara (Valiiim), Diphenhydramine (Sominex;, Nytol), Doxykniine (UBisom), 

20 Estazolam (ProSom), Flur&zep&ro (D.aImMe) s Oahapenthi,. Lonizepam (Ativan)* 
Levodopa- carbidopa (Sinemct), Melatonin^ Metliylphenidate (Ritaiio), ModaniMil 
(Provigii), Pemoline (Gyiert), Pergolide, Pramipexole, Promethazine (Phcnergun), 
Qiia^epani (Doral), RimaniMihe (Ftomadirie), Sihutramine (Meridia), Sodium oxybaie. 
Synthetic conjugated estrogens (Genestin), Temazepam (Restoril), Triazolam (HafcionX 

25 Zaleploo (Sonata), and Zolpidem (Axnbieo), 

Obesity related disorders . 

The compounds disclosed herein (for example* FA AH ; inhibitor compounds) may be used 
to treat obesity and/or to reduce or control body weight (or fat) or prevent and/or treat 
30 obesity or other appetite rel ated disorders related to the excess consumption of food, 

ethanol and other appetizing substances. The compounds may be used to modulate lipid 
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ih@tabo.lism f reduce body fat (e g,, via increasing M utilization) or reduce (or suppress) 
appetite (e.g., via inducing satiety), Obesity is a condition in -which- there is an excess of 
body "fat In many eases, an tadiykiual 1$ considered obese if .the- individual has a body 
mass index (BMA) greater than or equal to 30 fcg/m 2 or if the individual has at least one 
6 co-morbidity md a BMI greater than or equal to 2? kg/m 2 \ In certain situations, a subject 
at risk fer obesity is an otherwise healthy subject with a BMI of 25 kg/m 2 to less than 36 
k$*fm 2 or a subject wi th at least one co-morbidity with a BFVt! of 25. kg/m 2 to less than 27 
kg/nf; 

10 The increased risks associated with obesity is thought to occur at a lower BMI in Asians. 
In some situations, obesity in an Asian refers to a condition whereby a subject with at 
least one obesity-induced or obesity-related co-morbidity tlrnt requires weight reduction 
or that wo aid be improved by weight reduction, has. a BMI greater than or equal to 25 
fcg/nr\ In Asians, an obese subject sometimes refers to a subject with at least one obesity- 

15 induced or obesity-related co-morbidity that requires weight redaction or that would be 
improved by weight reduction, with a BMI greater than or equal to 25 kg/nf , In some 
situations, an Asian at risk of obesity is a subject with a BMI of greater than 23 kg/m 2 to 
less than 25 kg/trr; 

20 Obesity-induced or obesity-related co-mo rhidi ii es inel ude ? but are not limited to., 

diabetes, noninsulin dependent diabetes mellitus type 2, impaired glucose tolerance, 
impaired fasting glucose, insuhn resistance syndrome, dyslipidemia, hypertension, 
hyperurieacidemia, gout, coronary artery disease, aiyoeardial infarction, angina pectoris, 
simp apnea syndrome, Pickwickian syndrome, fatty liver, cerebral infarction, cerebral 

25 thrombosis, transient isoheode attack, orthopedic disorders* arthritis defomiaiis,. 
lumbodynia, emmemopathy, and infertihty.. • In, particular,. co-morbidMes 
include: hypertension, hyperUpidemla, dyslipidemia, glucose intolerance, cardiovascular 
disease, sleep apnea, diabetes mellllus, and other obesity-related conditions, 

30 Treatxnent (of obesity and obesity-related disorders) refers, to die administration of the 
compounds described herein to reduce or maintain the body weight of an obese subject. 
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One : outcome of ircafcftegit may be reducing- the body weight of m obese subject relative 
to thai subjects body weight hnmediately before the administration of the compounds 
described herein. .Another outcome of .treatment may be preventing body weight regain 
of body weight previously lost as a result of diet, exercise, or pharmaeotherapy. Another 
5 outcome of treatment m ay be decreasing the occurrence of and/or the severity of obesi ty- 
related diseases. The treatment may suitably result in a reduction in food or calorie 
intake by the subject, including a reduction in total food intake, or a reduction of intake of 
specific components of the diet such as carbohydrates or fats; and/or the inhibition of 
nutri ent absorption; and/or die inhibi tion of the induction of m et abolic rat e; and in weight 
10 reduction in patients in need thereof The treatment may also result in m alteration of 
metabolic rate, such as an increase in metabolic rate, rather than or in addition to an 
inhibition of the reduction of metabolic rate; and/or in minimisation of the metabolic 
resistance that normally results from weight loss. 

IS Prevention (of obesity and obesity-related disorders) refers to the administration of the 
compounds described herein to reduce or maintain the body weight of a subject at risk of 
obesity. One outcome of prevention may be reducing the body weight of a subject at risk 
of obesity relative to that subject's body weight immediately before the administration of 
fee compounds described herein. Another outcome of prevention may be pre venting body 

20 weight regain of body weight previously lost as a result of diet, exercise, or 

pharmacotherapy. Another outcome of prevention may be preventing obesity from 
occurring if the treatment is administered prior to the onset of obesity in a subj ect at risk 
of obesity. Another outcome of preventioxv may be decreasing the occurrence and/or 
severity of obesity-related disorders if the treatment is administered prior to the onset of 

25 obesity in a subject at risk of obesity. Moreover, if treatment is commenced in already 
obese subjecis^ such treatment may prevent the ocenrrcneev progression or severity of 
obesity-related disorders, such as, but not limited to, arteriosclerosis. Type II diabetes, 
polycystic ovarian disease, caidio vascular diseases, osteoarthritis, derm&toiogieal 
disorders, hypertension* insulin resistance, liypereholesto 

30 and cholelithiasis,. 



593 



WO 2008/019357 



PCT/US2007/075332 



Qhe$ityHreia$e& associated with, caused by, or result from 

obesity, .Examples of obesity-related disorders include overeating and bulimia, 
hyperteji$ioa 5 . diabetes, elevated plasma insulin: concentrations and insulin resistance, 
5 dysllpidemias, hyperlipidemia, endometrial^ breast, prostate and colon cancer, 

osteoarthritis, obstructive sleep apnea, cholelithiasis, galktone$, heart disease,, abnormal 
heart rhythms and arrhythmias, myocardial mferetidn, aragt^ 
heart disease, sudden deaths stroke, polycystic ovarian disease, cmnioph&ryngionxa, the 
Prader-Willi Syndrome, Frohiicfi's syndrome, GH-deficient subjects, normai variant short 

10 stature, Turner's syndrome, and other pathological conditions showing red uced metabolic 
activity or a decrease in resting energy expenditure as a percentage of total fei-free mass, 
e.g, s children with acute lymphoblastic leukemia. The compounds described herein may 
be used to reduce or control body weight (or fat) or to prevent and/or treat obesity or 
other appetite related disorders related to the excess consumption of food, ethaaol and 

15 other appetising substances. The compounds may be used to modulate lipid metabolism, 
reduce body fet (e.g. via increasing fet otilfeatiob) or reduce (or suppress) appetite 
via inducing satiety). 

Further examples of obesity related disorders are metabolic syndrome, also known as 
20 syndrome X, insulin resistance syndrome, sexual and reproductive dysfunction, such as 
infertility, hypogonadism in males and hirsutism in females, gastrointestinal motility 
disorders, such as obesity-related gastroesophageal reflux, respiratory disorders, such as 
obesitY-hypoventilation syndrome (Piefcwiekian syndrome), cardiovascular disorders, 
inflammation, such as .systemic intlatnmation of the vasculature, artenoscl erosis, 
25 hypeTCbolesten^leroia, hyperuricaemia, lower back pain, gallbladder disease, gout, and 
kidney cancer, The compounds described herein are also useful for reducing the risk of 
secondary outcomes of obesity, such as reducing the risk of left ventricular hypertrophy, 

IT^e compounds can be administered in combination with anti-obesity agents, including, 
30 but not limited to; l ip HSD-l (1 1 -beta hydroxy steroid dehydrogenase type I ) inhibitors, 
such as BW 3498, BVT 2733, 3<l~adama^ 4K-1 5 2,44ri^oIt% 
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3-{l-adamaai>0-5-0A -4H-1 , 2,4-triazole, 3- 

adaisan^any1.'4 > 5,6,'7,8»9. > 10«.1 l/12,3a<leeaIvydro-j,2,4-triazolo[4,3-a]l'! ! jannulene, and 
those compounds disclosed in WOGI/90091, WOQ1/90090, WQOl/90092 and 
\VO02/072084; -5HT (serotonin) transporter inhibitors* such as paroxetine, fluoxetine, 
5 fenfluramine, fiuvoxamirie-v sertraline, and iffiipraniine, and those disclosed in 

WO03/OO663; 5HT antagonists such as those in WOO3/037871 , WO03/037887, and the 
like; 5HT1 a modulators such as those disclosed in WO03/03 1 439, and the like; 
5MT-2 agonists; SHT2c (serotonin receptor 2e) agonists, such as BYT933, DPCA3721 5, 
1K264, PNU 22394. WAY! 61 503, R- 1 065, and YM 348 and those disclosed in U.S. 

10 Patent No. 3,914,250 and PCT publication m$< WO02/36596, WO02/48 124, 
WO02/10I69, WO01/66548, WG02/44152, WO02/51844, W 002/404 5 6, and 
W002/4O4S7; SHT6 receptor modulators, such as those in WO03/030901, 
WO03/035061, WO03/039547, and the like; ACC2 (acetyl-CoA earhoxylase~2) 
inhibitors; acyl-estrogens, such as oleoyl-estrone, disclosed in del Mar-Grasa, M. et at, 

15 Obesity Research, 9:202-9 (2001) and Japanese Patent Application No. JP 20002561 90; 
alpha^lipoie aekl (alpha-LA); anorectic bicyclic compounds such as 1426 (Aventis) and 
! 954 (Aventis), and the compounds disclosed in WO0Q/1 8749, WO01/32638, 
WO01/62746, WO01/62747, and W O03/01 5769; AOD9604; appetite suppressants such 
as Lhose in WO03/4GlO7;A'rL-962 (AlfeyiB^ PtC^mgoeaineib^issfthmmine 

20 hydrochloride (Didrex);bladderwrack (focus vesieulosus);BRS3 (bombesin receptor 

subtype 3) agonisis;bupropion;caiFeine;C B 1 (cannabinoid- 1 receptor) antagonist/inverse 
agonists, such as rimonabant (Acompiia; Sanofl Synihelabo). SR- 147778 (Sanofi 
Syntheiabo), BAY 65-2520 (Bayer), and SLV* 3 19 (Solvay), and those disclosed in US 
Patent Nos. 4,973,587, 5,013,837, 5,081,122, 5,112,820, 5,292,736, 5,532,237, 

25 5,624,941 , 6,028,084, and 6,509,367 and W096/33 159, WO97/29079, WQ98/31227, 

WO08/33765, WO98/37061, W098/41519, W098/43635, W098/43636, WO99/02499, 
WO00710967, WO00/10968, WO01/09120, WO01/58869, WO01/64632/ WO01/64633, 
WO01/64634, WO01/70700, WO01 •'96330, W0O2/O76949, WO03/006007, 
WO03/007887, WO03/020217, WO03/026647, WOO3/026648, WOO3/027069, 

3Q WO03/027076, WO03/0271 14, WO03/037332, WO03/0401 07, WO03/086040, 
WG03/084943 and 086,509,367 and EPO Application Ho. EP-658546; 
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GCK agoTiisis;CCK-A (eh.oIecysiokinm-A) agonists, such as AR-R 15849, GI 1 SI 771, 
jfMV~i80 ? A-713-78, A-71623 md SRI4613!, and those described in US- Fat. No. 
5,739,106; chitbsaii; chromium; CNTF (Ciliary neorotropBic factors), such as GH81 771 
(Glaxo-SmifeKjme), SR.I46.i31 (Sanofi Syntlidabo), biUabindide, PD1 70,292, and PD 
5 149164 (Pfizer);CNTF derivatives, such, as axokin.e (Regeneron), and those disclosed in 
\>CT AppUcmm mB. WO 94/091 34, WO 98/22 1 28, and \¥0 99/43:8 i 3;conjugat^ 
linoleie acid; cc)rtieotropiii-rdeasiiig homione. agonists; dehydroepiandrostemi}e;DGA T ! 
(diacylgiy^rol acyltransferase 1} inhihitars; DGAT2 (diaoylglycero! acyilraiisfease 2) 
inhibitors;: dicarbaxylaie ,irans|K>rter inhibitor; diethylpropion hydrochloride (Tennale); 
10 dlpeptidyl peptidase IV (DP4V) inhibitors, such as isoleucine thiazoiidMe, . valine 

pyrroMdidsi NVF-OPP728, LAF237, P93/01 5 TSL 225 y TMC-2A/2B/2C, FE 99901 h 
F9310/O64, VIP 0177, SDK 274-444 and the compounds disclosed m PCT publication 

Bm.womm3i2^wmz/omm, wooa/oooi so ; woos/dooi s j s wog3/ooo2so, 

WO03/00253.0, WO03/002S3 1 , WO03/0025S3 , WOO3/0O2 593, WO03/0044 98, 

15 WOCB/0C)4494W^ WO03/024M5, WO03/033524, 

WQ03/037327 ami BP] 258476; ephedra; excodin-4 (an " inhibitor of glp-1); FAS (fatty 
add synthase) Inhibitors, such as Cenderun md C75; fill resorption injiih tors such m 
those in WOQ3/053451 , and the like; fatty acid transporter inhibitors; fiber (psyiBnm, 
planlago, guar fiber); gabnm antagonists; galega. (Goat's Rue, French Lilac); garcinia 

20 cambogia: germander (teueriuin chamaedrys).; ghrelin aatagonisis, such as those 

disclosed in PGT Application Nos, WO 01/87335, and WO 02/08250; GLP-J (glucagon- 
like peptide 1) agomsts (eg. exondin-4); gip-1 (giucagon4ikc peptide- 1); glucocorticoid 
antagonists; glucose transporter inhibitors: growth hormone seeretagogiie receptor 
agonists/antagonists, such as NIM703, hexar#n s ..M L- 

25 692,429 and L463<255> and such as those disclosed in U.S. Pat. No.. 6,358,951 1 U.S. 

Patent Application Nos, 2002/049196 and 2(K.)2/022637 ? :mid PCT Application Nos> WO 
01/56592 and WO 02/3 288 8; growth hormone secretagogues, such as thos.e disclosed and 
specifically described in U.S. Pat, No. 5,536,716; B3 (histamine H3) an tagonisl/in verse 
agonists, such as ihioperainide, 3-(iH-imidazol-4"yl)propyl N-(4-peiitenyi)earhajnate) ; 

30 clobeBpropil iodophenpropit, imoproxiian 9 GT2394 (Giiatech), and A33 1440, and those 
disclosed in PCX publication No, WOQ2/I5905 md 0^[3<i H4midazoM- 



596 



WO 2008/019357 PCT/US2007/075332 

yI)prop&no!]carbamates (KIee~Kononowicz > K. et uL, Phanis&zie, 55:349-55 (2000)), 
pipoidme-cont&ining histamine H3~reecptor antagonists (Lazewska, D, et &L, PhaniMzk, 
56:927-32 (2001), banzophmone derivatives and related compounds (Sasse, A, et at. 
Arch, PhanB.(WcioJidm) 334:45-52 (2001)), substituted H-pteriyk^^aiBate^ 
5 (Rddemdstet, S, et aL, Phannazie r 55:83-6 (2000)% and proxifei derivatives (Sassc, ..A*.. 
etaL, X, Med. Ctiem,, 43 :3335-43 (2000)) aiid histaniine HS receptor mod a ^ such, as 
those disclosed m WO03/02492S and WO03/024929; miMmkm-6 (IL-6): and 
modulators thereof, as in WO03/05723 7, and the like; L-earnltine; leptiii derivatives, 
such as those disclosed in U ,S, Pat Nos, 5,552,524, 5,552,523 , 5,552,522, 5,521,283, and 

10 PCT Interna WO 96/23513, WO 96/23514, WO 96/23515, WO 

96/235 IS, WO 96/23517, WO 96/2351 8, WO 96/23 51 9, and WO 96/23520; teptin, 
including recombinant human ieptin (PEG-OB, Bo.tBnan La Roche) and recombinant 
inethionyl human leptin (Ajmgen); lipase hihibitors, such as tetrahydrolipstatin 
(oriistat/Xenical®), Triton WR 1 339, RMC80267, : lij*s^n ¥ -:tea^jtoiai^ and 

15 dieihylunihellifeyl phosphate, FL-3 86, WAY-i2 1 898, Bay-N-3 ! 76, valil&efone, 
asteracin, ehelactone A, chdacteiie B, and RHG 80267, and those disclosed in PCX 
publication No. WOO 1/77094, and US< Patent Ngs, 4,598,089,4,452,8 1 3 , 5,5 1 2,565, 
5391,571, 5,602, 151,4,405,644, 4,189,438, a»d 4,2:42,453; lipid metabolism modalators 
such as maslinie add, eryfhrodioL ursolic add uvaoL betulinic acid, betuMn, and the like 

20 and compounds disclosed in WO03/01 1 267: Mc3r (melanoeortin 3 receptor) agonists; 
Me4r (melanoeortin 4 receptor) agonists, such as CHIRS6036 (Chiron), ME~1 0142, ME- 
20145, and HS-131 (Mdaeure), and those disclosed in PCT publication Nos. 
WO99/64002, WO00/74679, WO01/991752, WO01/25192, WO0I/52BB0, WOO 1/74844, 
WOOl/70708, W00i/70337;W001/91752, WO02/059095, W 002/059 1 07, 

25 WO02/0591 08, WO02/9591 1 7, WO02/06276, WO02/121 66, WO02/1 17 15, 
W 002/12! 78, WO0.2/1 5909, WO02/38544, WO02/068387, WO02/G683 8% 
WG02/O67869, WO02/081430, WO03A)6604, WO03/007949, WQ03/G09&47, 
W003/GO985O, WO03/01 3 509, and WO03/03 1 41 0; MeSr (me! anoeoriin 5 receptor) 
modulators, such as those disclosed in W097/1 9952, WOOO/l 5826, WO00/1 5790, US 

30 20030092041 ; MCH2R (melanin concentrating hormone 2R) agoTTist/mitagonkts; 

nidsmn concentrating hormone antagonists; mela* dn-concentr ating hormone 1 receptor 
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(MCI®) antagonists, such as X-226296 fTalceda), SNP-794I (Synaptic), and those 
diSc!osed WO0l/2iI : 69, ; \VO01/82925, WO01/87S34, WOQ2/Q51 809, WO02/G6245,. 
WO&2/076929, WO02/O76947, WG02/O4433 . WOG2/5 1 809, WOG2/083 134, 
WO02/094799, WOO3/004027, WO03/13574, WO03/I5769, WO03/02864i , 
5 WO03/035624, WO03/O33476, WO03/G33480 and Japanese Patent Application Nos, IP 
1 3226269, and JPI437059; melartocortm agonists, such as Melanotan II or those 
described in WO 99/64002 and WD 00/74679; Metformin (GI«eopfeage«>); m&hxKS 
modulators such as those disclosed in WO03/029210, WO03/04758i, WO03/048137, 
WO03/0513I5, WO03/051833, WO03/053922, WO03/059904, and the like; monoamine 

10 reuptake inhibitors, such as sibuirannhie (Meri.dia©/Reduciii® ) and salts thereof, and 
those compounds disclosed in U.S. Patent Kos, 4,746,680, 4,806,570, and 5,436,272, and 
U.S. Patent Publication No. 2002/0006964, and WO0U27068, and WQOi/62341 ; 
NE (norepinephrine) transport inhibitors, such as GW 320659, despiramine, talsupram, 
and nomifensine; liqmanae herha; non-selective serotmifenorepinephrine transport 

i5 inhibitors, such as sibutramine or fenfluramine* NPY 1 antagonists, such as B1BP3226, 3- 
! 15814, B IBO 3304, LY-357897, GP-671906, GI~264879A, and those disclosed in U.S. 
Pat No. 6,001,836, and PCT Patent Publication Nos. WO 96/14307, WO 01/23387, WO 
99/51600, WO 01/85690, WO 01/85098, WO 01/85173, and WO 01/89528; NPY5 
(neuropeptide Y Y5) antagonists, such as 152,804, GW-569180A, GW~S94884A, GW- 

20 5870S1X, GW-5481 1SX, PR235208, FR226928, PR240662, FR2S2384, 1229U91, Gl- 
264879A, OGF716S3A, LY-377897, LY-366377, PD- 160 170, SR- 120562A, SR~ 
120819A, JGF~104, and H409/22 and those compounds disclosed in U.S. Patent Nos. 
6,140,354, 6,191,160, 6,258,837, 6,313,298, 6,326,375, 6,329,395, 6,335,345, 6,337,332, 
6,329,395, and 6,340,683, European Patent Nos. EP-0101 0691, and EP-01 044970 and 

25 PCX Publication Nos, W097/1 9682, WO97/20820, WO97/20821 , WO97/20822, 
WO97/20S23, WO98/27063, WQO0/107409, WO00/1 85714, WO00/1 85730, 
WO00/64880, WQ00/68197, WOOO/69849, WO01/09120, WOOl/14376, WOOi/85714, 
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